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AUTHOR’S  PREFACE. 


It  has  not  been  my  intention  to  enlarge  the  present  volume 
beyond  the  scope  of  a text-book ; all  disconnected  facts  and 
mere  descriptive  matter  have  therefore  been  omitted.  In 
original  research,  every  fact,  however  isolated  it  may  at  first 
seem,  may  prove  of  inestimable  value  as  a starting-point 
for  fresh  ideas  and  inquiries.  For  this  reason,  an  exhaustive 
account  of  all  facts  is  both  valuable  and  necessary  in  a 
hand-book.  But  a text-book  should  merely  seek  to  initiate 
and  interest  the  student,  and  to  acquaint  him  with  the 
principal  achievements  of  investigation  in  biological  sequence. 
A mass  of  statements  and  details  would  weary  and  disgust 
the  beginner,  and  might  deter  him  from  pursuing  the  subject 
altogether.  But  if  interest  onoe  be  awakened  by  a sug- 
gestive though  inadequate  treatment  of  the  subject,  the  defi- 
ciencies may  readily  be  supplied  by  recourse  to  the  hand- 
books, or,  better  still,  by  a careful  perusal  of  the  original 
works. 

Descriptions  of  analytic  methods  have  also  for  the  most 
part  been  avoided,  as  they  would  have  interrupted  the  main 
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narrative,  and  as  we  already  possess  numerous  standard 
works  on  chemical  analysis  in  physiology  and  pathology, 
such  as  those  by  Hoppe-Seyler,  Leuhe  and  Salkowski, 
Neuhauer  and  Yogel.  With  the  aid  of  such  teachers  as 
these,  analysis  should  be  learnt  and  practised  in  the 
laboratory. 

On  the  other  hand,  I have  endeavoured  to  introduce 
everything  that  is  at  present  ripe  for  a connected  account. 
Especial  care  has  been  bestowed  on  the  references.  The 
original  memoirs  quoted  have  been  so  chosen  that,  with 
them  as  a basis,  the  reader  who  is  desirous  of  pursuing  the 
study  of  physiological  chemistry,  will  readily  he  able  to 
find  his  way  through  its  remaining  literature,  and  will  also 
have  his  attention  drawn  to  those  works  which  were  beyond 
the  scope  of  my  subject. 

If  my  lectures  succeed  in  inducing  the  study  of  the 
original  sources,  my  aim  will  have  been  attained.  Of  what 
use  would  it  be  to  the  medical  student  to  learn  up  an 
exhaustive  treatise  on  physiology  ? In  a few  years  he 
would  he  no  wiser  than  before.  In  science,  it  is  imperative 
that  all  academic  teaching  should  be  so  directed  as  to 
render  the  student  capable  of  following  its  progress.  For 
this,  a thorough  knowledge  of  the  exact  sciences,  physics, 
and  chemistry,  is  requisite  ; he  will  then  he  in  a position 
to  read  physiological  works,  which  he  should  he  led  to 
weigh  and  discuss  critically.  No  one  will  ever  regret  time 
and  trouble  spent  in  this  way.  Later  in  life,  he  will  find 
that  he  can  always  increase  his  knowledge,  and  that  all 


PREFACE. 


IX 


medical  work  will  be  the  easier  for  it.  An  intimate  acquaint- 
ance with  the  exact  natural  sciences  would  shorten  and 
simplify  medical  study. 

The  object  I have  kept  in  view  throughout  these  lectures 
has  been  to  enable  the  beginner  to  refer  at  once  to  the 
most  valuable  passages  in  the  original  works,  whenever  his 
interest  has  been  excited  in  any  question  of  physiological 
chemistry. 


Bale, 

July,  1880. 


G.  BUNGE. 
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LECTURE  I. 


INTRODUCTION— VITALISM  AND  MECHANISM. 

By  way  of  introduction,  I may  be  allowed  to  lay  before  my 
readers  the  views  I bold  on  the  aims  and  prospects  of  modern 
physiological  research.  We  read  in  numberless  physiological 
papers,  and  in  the  introduction  to  almost  every  test-book  of 
physiology,  that  the  object  of  physiological  inquiry  is  to 
explain  the  phenomena  of  life  by  physical  and  chemical,  and 
therefore  ultimately  by  mechanical  laws.  A physiologist  of 
the  present  day  would  be  regarded  as  lacking  both  in  intelli- 
gence and  industry,  were  he  to  take  refuge,  as  at  one  time  the 
“ vitalists  ” did,  in  the  assumption  of  a special  “ vital  force  ” 
as  a means  of  explaining  biological  problems.  I can  only 
accept  this  view  in  a modified  form,  and  with  the  understand- 
ing that  no  explanation  is  offered  by  a mere  term.  I regard 
“ vital  force  ” as  a convenient  resting-place  where,  to  quote 
Kant,  “ reason  can  repose  on  the  pillow  of  obscure  qualities.” 
But  I cannot  assent  to  the  doctrine  which  some  opponents 
of  vitalism  maintain,  and  which  would  have  us  believe  that 
in  living  beings  there  are  no  other  factors  at  work  than  simply 
the  forces  and  matter  of  inorganic  nature.  We  certainly 
cannot  recognize  more  than  these  forces,  owing  to  the  limita- 
tion of  our  powers,  since  in  the  observation  of  both  organic 
and  inorganic  nature  we  always  make  use  of  the  same 
organs  of  sense,  which  react  only  to  certain  forms  of  motion. 
A form  of  motion  transmitted  to  the  brain  by  the  fibres  of 
the  optic  nerves  arouses  in  us  the  consciousness  of  light  and 
colour;  the  consciousness  of  sound  is  due  to  another  form 
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of  motion  transmitted  by  the  auditory  nerve  ; all  our  sensa- 
tions of  taste  and  smell,  of  temperature  and  touch,  are  due 
to  forms  of  motion.  At  least  this  is  what  physics  teaches 
us;  these  appear  to  be  at  present  the  most  fruitful  hypo- 
theses. It  would  indeed  be  a lack  of  intelligence  to  expect, 
with  the  same  senses,  to  make  discoveries  in  living  nature  of 
a different  order  to  those  revealed  to  us  in  inorganic  nature. 

But  for  the  study  of  organic  nature  we  possess  one  addi- 
tional sense,  our  “internal  sense;”  the  power  of  studying 
and  observing  the  conditions  and  processes  of  our  own 
consciousness.  To  hold  that  this  also  is  a variety  of  motion, 
is,  in  my  opinion,  an  untenable  doctrine.  The  simple  fact 
that  many  conditions  of  consciousness  have  no  relation  to 
space  is  opposed  to  such  a view.  Only  what  consciousness 
has  acquired  by  certain  senses,  sight,  touch,  muscular 
sense,*  is  related  to  space.  All  other  sensations,  emotions, 
passions,  and  an  unlimited  number  of  ideas  have  no  relation 
to  space,  but  only  to  time.  We  cannot  here,  then,  speak  of 
a mechanism.  It  might  be  suggested  that  this  is  only  an 
apparent  difference — that  in  reality  these  also  have  dimen- 
sional properties.  But  such  an  opinion  cannot  be  sustained. 
We  suppose  that  objects  which  we  perceive  with  our  senses 
have  dimensional  properties  simply  on  the  ground  that,  so 
far  as  we  can  observe  them  by  means  of  our  senses,  touch 
and  sight,  they  seem  to  possess  them.  But,  for  the  whole 
world  of  our  internal  sense,  we  have  not  even  this  apparent 
reason,  so  that  we  cannot  admit  that  there  is  any  ground 
for  such  a supposition. 

* The  ideas  of  space,  which  are  connect, ed  with  the  sensations  of  sight  and 
touch,  may  be  brought  about  by  the  complex  muscular  apparatus,  which  plays 
a part  in  all  the  functions  of  the  organs  of  sight  and  touch.  This  is  also  true 
of  the  so-called  “ common  sensations.”  The  ideas  of  space  may  be  due  to  the 
sensory  fibres  of  the  muscular  nerves  only.  This  view  was  first  upheld  by 
Steinbuch  (“  Beiträge  zur  Physiologie  der  Sinne : ” Nürnberg,  1S11),  and  contested 
by  Job.  Müller  (“  Zur  vergleichenden  Physiologie  des  Gesichtssinnes,”  p.  52: 
Leipzig,  1S2G),  but,  I consider,  on  unsatisfactory  grounds.  Job.  Müller  was  a 
supporter  of  Kant’s  doctrine  of  space,  which  likewise  appears  to  me  untenable. 
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Therefore  the  deepest  insight  we  can  gain  into  the  most 
essential  part  of  our  nature  shows  us  something  quite 
different,  shows  us  things  which  are  without  dimensions,  and 
processes  which  can  have  nothing  to  do  with  mechanism. 

The  opponents  of  vitalism,  those  who  support  the  me- 
chanical explanation  of  life,  usually  seek  to  justify  their  views 
by  saying  that  the  further  physiology  advances,  the  more 
does  it  become  possible  to  explain,  on  physical  and  chemical 
grounds,  phenomena  which  have  hitherto  been  regarded  as 
associated  with  a special  vital  force ; that  it  is  only  a question 
of  time ; that  it  will  finally  be  shown  that  the  whole  process 
of  life  is  only  a more  complicated  form  of  motion  regulated 
solely  by  the  laws  which  govern  inorganic  nature. 

But  to  me  the  history  of  physiology  teaches  the  exact 
opposite.  I think  the  more  thoroughly  and  conscientiously 
we  endeavour  to  study  biological  problems,  the  more  are  we 
convinced  that  even  those  processes  which  we  have  already 
regarded  as  explicable  by  chemical  and  physical  laws,  are 
in  reality  infinitely  more  complex,  and  at  present  defy  any 
attempt  at  a mechanical  explanation. 

Thus  we  have  been  satisfied  to  account  for  the  absorption 
of  food  from  the  alimentary  canal  by  the  laws  of  diffusion 
and  osmosis.  But  we  now  know  that,  as  regards  osmosis, 
the  wall  of  the  intestine  does  not  behave  like  a dead  mem- 
brane. We  know  that  the  intestinal  wall  is  covered  with 
epithelium,  and  that  every  epithelial  cell  is  in  itself  an 
organism,  a living  being  with  the  most  complex  functions  ; 
we  know  that  it  takes  up  food  by  the  active  contraction 
of  its  protoplasm  in  the  same  way  as  observed  in  inde- 
pendent naked  animal  cells,  such  as  amoebae  and  rhizopods. 
Observations  on  the  intestinal  epithelium  of  cold-blooded 
animals  have  made  it  obvious  that  the  cells  grasp  the 
particles  of  fat  contained  in  the  food  by  means  of  proto- 
plasmic processes  which  they  send  out ; that  they  incorporate 
the  fat-globules  with  the  protoplasm  of  the  cell,  which  finally 
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passes  them  on  to  the  commencement  of  the  chyle-vessels.* 
As  long  as  this  active  intervention  of  cells  was  unknown, 
it  was  impossible  to  understand  the  remarkable  fact  that, 
although  the  minute  drops  of  fat  were  able  to  pass  through 
the  intestinal  wall,  yet  finely  divided  pigments,  intentionally 
introduced  into  the  intestine,  remained  quite  unabsorbed. 
At  the  present  time  we  know  that  all  unicellular  organisms 
possess  the  power  of  selecting  their  food,  of  taking  up  the 
useful  and  rejecting  the  useless  substances.  In  this  con- 
nection, I may  relate  an  interesting  observation  made  by 
Cienkowski  f on  an  amoeba,  called  the  Vampyrella. 

The  Vampyrella  Spirogyrce  is  a minute  red-tinged  cell 
devoid  of  any  special  limiting  membrane,  and  apparently 
quite  structureless.  Cienkowski  could  find  no  nucleus  in  the 
cell,  and  the  small  granules  observed  in  the  protoplasm  were 
probably  only  residues  of  nutrient  matter.  This  minute 
mass  of  protoplasm  will  take  but  one  form  of  food,  a particular 
variety  of  algae,  the  Spirogyra.  It  can  be  observed  to  send 
out  pseudopodia  and  to  creep  along  the  confervas  until  it 
meets  with  a Spirogyra  ; then  it  affixes  itself  to  the  cellulose 
coat  enclosing  one  of  the  cells  of  the  latter,  dissolves  the  coat 
at  the  point  of  contact,  sucks  in  the  contents  of  the  cell,  and 
travels  to  the  next  to  repeat  the  proceeding.  Cienkowski 
never  saw  the  Vampyrella  attack  any  other  class  of  algae,  or 
even  take  up  any  other  substance ; vaucheriae,  cedogoniae, 
purposely  placed  before  it,  were  always  rejected. 

Another  monad,  the  Colpodella  pugnax,  was  observed  by 
Cienkowski  to  feed  exclusively  on  Chlamydomonas  : “ it  punc- 
tures, as  it  were,  the  latter,  absorbs  the  escaping  chlorophyll, 

* R.  Wiedersheim  has  given  an  account  of  the  older  literature,  together  with 
his  own  investigations  on  this  subject  in  the  “ Festschrift  der  56.  Versammlung 
deutscher  Naturforscher  und  Aerzte,  gewidmet  von  der  naturforschendeu 
Gesellschaft  zu  Freiburg, i.  B.”  Freiburg  und  Tübingen:  1883;  and  Hcidenlmin, 
Pflüger’s  Arch.,  vol.  xli.,  Suppl. : 1888. 

f L.  Cioukowski,  “Beiträge  zur  Kcnntuiss  der  Nomaden,”  Arch.  f.  mikrosl: 
Anatomie,  vol.  i.  p.  203  ; 1865. 
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and  departs.”  “ The  behaviour  of  these  monads,”  says 
Cienkowski,  “ in  their  search  after  food  and  their  method  of 
absorbing  it,  is  so  remarkable,  that  one  can  hardly  avoid 
the  conclusion  that  the  acts  are  those  of  conscious  beings.” 

If  this  power  of  selecting  food  is  possessed  by  the  struc- 
tureless mass  of  protoplasm,  why  should  it  not  also  be  a 
function  of  the  epithelium  of  our  intestine  ? Just  as  the 
Vampyrella  picks  out  the  Spirogyra  from  amongst  all  other 
algte,  so  do  the  epithelial  cells  of  our  intestine  select  the 
fat-drops  and  reject  the  pigment-granules.  We  know  that 
the  epithelium  of  the  intestine  prevents  the  absorption  of  a 
whole  series  of  poisons,  in  spite  of  the  fact  that  the  latter 
are  easily  soluble  in  the  gastric  and  intestinal  juices.  Indeed, 
we  know  that  these  poisons,  when  injected  into  the  blood, 
are  excreted  by  the  intestine. 

It  was  likewise  once  thought  that  the  activity  of  glands 
and  the  processes  of  secretion  were  in  the  main  explicable  by 
osmosis.  But  we  now  know  that  here  too  the  epithelial  cells 
play  an  active  part.  Here  again  we  find  the  same  mysterious 
power  of  selection,  of  picking  out  certain  constituents  of  the 
blood,  of  altering  them  by  processes  of  synthesis  and  decom- 
position, of  sending  some  into  the  ducts  of  the  glands,  and 
others  back  into  the  lymph  and  blood.  The  epithelial  cells 
of  the  lacteal  gland  collect  all  the  inorganic  salts  from  the 
blood — which  has  a totally  different  constitution — in  the 
exact  proportion  required  by  the  infant,  that  its  growth  and 
development  may  assimilate  it  to  its  parents.  These  phe- 
nomena cannot  at  present  be  explained  by  the  laws  of 
diffusion  and  osmosis. 

All  the  cells  of  our  tissues  possess  the  same  wonderful 
powers  as  the  leucocytes  and  epithelial  cells  of  the  alimentary 
canal,  and  of  glands.  Consider  the  mode  of  development  of 
our  organism : all  tissue-elements  are  produced  from  a 
single  ovum,  and  in  proportion  as  the  cells  increase  by 
segmentation,  they  become  differentiated  on  the  principle  of 
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the  division  of  labour ; every  cell  acquires  the  faculty  of 
rejecting  some  substances,  of  attracting  others  and  storing 
them  up,  thereby  attaining  the  composition  necessary  for  the 
due  fulfilment  of  the  functions  it  has  to  perform.  But  it  is 
hopeless  to  offer  a chemical  explanation  of  this  process. 

Just  as  little  has  it  been  possible,  in  other  branches  of 
physiology  besides  that  of  nutrition,  to  refer  any  single 
vital  process  to  the  laws  of  chemistry  and  physics. 

We  have  sought  to  explain  the  functions  of  nerve  and 
muscle  by  the  laws  of  electricity,  and  must  now  admit  that 
electrical  processes  have  been  demonstrated  with  certainty 
to  occur  in  the  living  organism  only  in  a few  fishes ; or  even 
if  we  grant  that  electrical  currents  have  been  decisively 
proved  to  exist  in  muscles  and  nerves,  we  are  bound  to 
confess  that  the  explanation  of  the  functions  of  nerve  and 
muscle  is  but  slightly  advanced  thereby. 

It  may  be  suggested  that  the  physiology  of  the  special 
senses  offers  a field  for  precise  physical  explanations.  It 
is  true  that  the  eye  is  a physical  apparatus,  an  optical 
apparatus,  a camera  obscura.  The  image  on  the  retina  is 
formed  by  the  same  unchanging  laws  of  refraction  as  the 
image  on  the  sensitive  plate  of  a photographer.  But  it  is  not 
a vital  process.  The  eye  is  absolutely  passive  in  the  matter. 
The  image  on  the  retina  is  formed  in  an  eye  separated  from 
the  body  and  dead.  The  development  of  the  eye  is  a vital 
process.  How  is  this  complex  optical  apparatus  formed  ? 
Why  do  the  cells  arrange  themselves  so  as  to  form  this 
wonderful  structure  ? This  is  the  great  problem  towards 
the  solution  of  which  nothing  has  yet  been  done.  The 
succession  of  events  in  development  may  indeed  be  observed 
and  described,  but  of  the  wherefore,  the  causal  connection, 
we  know  absolutely  nothing.  The  process  of  accommodation 
is  a vital  process.  Here  again  we  have  to  deal  with  the  old 
unsolved  question  of  muscle  and  nerve.  The  same  is  true 
of  the  other  organs  of  sense.  We  can  explain  physically 
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nothing  but  those  processes  in  which  the  organ  is  quite 
passively  set  in  vibration  by  external  impulses. 

The  same  is  true  of  all  other  branches  of  physiology.  We 
have  endeavoured  to  explain  the  phenomena  of  the  circulation 
of  the  blood  on  a physical  basis.  The  blood  is  certainly 
subject  to  the  laws  of  hydrostatics  and  hydrodynamics,  but 
it  is  perfectly  passive  as  regards  circulation.  No  one  has 
hitherto  been  able  to  explain  the  active  functions  of  the  heart 
and  muscular  wall  by  a reference  to  physical  laws. 

I maintain  that  all  the  processes  of  our  organism  capable 
of  explanation  on  mechanical  principles  are  as  little  to  be 
regarded  as  vital  phenomena  as  the  rustling  of  leaves  on  a 
tree,  or  as  the  movement  of  the  pollen  when  blown  from 
stamen  to  pistil.  Here  we  have  a form  of  motion  essential 
to  the  phenomenon  of  life,  and  yet  no  one  would  consider  it  a 
vital  act,  simply  because  the  pollen  is  quite  passive  under  it. 
It  does  not  in  the  least  alter  the  main  point  at  issue,  whether 
the  source  of  motion  is  formed  by  the  kinetic  energy  of  the 
wind,  or  by  the  sunlight  which  induces  the  wind,  or  by  the 
latent  chemical  energy  into  which  the  sunlight  has  been 
converted. 

The  mystery  of  life  lies  hidden — in  activity.*  But  the  idea 
of  action  has  come  to  us,  not  as  the  result  of  sensory  percep- 
tions, but  from  self-observation,  from  the  observation  of  the 
will,  as  it  occurs  in  our  consciousness,  and  as  it  manifests 
itself  to  our  internal  sense.  When  our  external  senses  meet 
with  this  same  activity,  we  cannot  recognize  it.  We  see  its 
results  and  accompaniments,  the  various  forms  of  motion, 
but  the  thing  itself  we  do  not  see.  We  have  no  organ  for  its 
perception ; we  can  only  hypothetically  accept  its  existence, 
which  we  do  when  we  speak  of  “active  movement.”  Every 
physiologist  does  so,  nor  can  he  manage  without  such  a 

* Activity  and  life  are  perhaps  two  words  for  the  same  idea,  or  rather  two 
words  to  which  no  definite  idea  is  attached.  And  yet  these  vague  terms  are  all 
that  we  have  at  our  command.  Hero  we  approach  the  most  difficult  problems, 
which  have  foiled  all  attempts  at  solution. 
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conception.  This  is  the  first  attempt  towards  a psychological 
explanation  of  all  vital  phenomena.  We  transfer  to  the 
objects  of  our  sensory  perception,  to  the  organs,  to  the  tissue- 
elements,  and  to  every  minute  cell,  something  which  we  have 
acquired  from  our  own  consciousness. 

If,  as  it  thus  appears,  it  is  impossible  to  explain  vital 
phenomena  by  the  help  of  physics  and  chemistry  alone,  we 
must  inquire  what  the  other  auxiliaries  to  the  science  of 
physiology — the  morphological  sciences,  anatomy  and  his- 
tology— can  do  for  us. 

I hold  that  there  is  at  present  but  little  likelihood  of 
attaining  our  aim  by  their  means.  For  when  we  have,  with 
the  aid  of  scalpel  and  microscope,  carried  our  anatomical 
analysis  to  its  utmost  limit,  to  the  simple  cell,  we  still  have 
the  great  problem  to  face.  The  most  simple  cell — a formless, 
structureless,  minute  mass  of  protoplasm — exhibits  all  the 
essential  processes  of  life,  as  nutrition,  growth,  reproduction, 
movement,  reaction  to  stimulation ; it  even  displays  functions 
which  act  at  least  as  a substitute  for  the  psychical  powers  of 
higher  organisms.  You  will  remember  that  it  is  so  in  the 
case  of  the  Vanipyrella,  and  I should  like  to  call  your 
attention  to  the  still  more  remarkable  observations  which 
Engelmann  has  made  on  the  Arcellse.* 

The  Arcellse  are  also  unicellular  organisms,  but  they  are 
more  complex  than  the  Vanipyrella,  because  they  have  a 
nucleus  and  a shell.  This  shell  has  a convex-concave  form. 
In  the  middle  of  the  concave  side  of  the  shell  is  an  opening 
from  which  the  pseudopodia  project,  appearing  as  clear  pro- 
tuberances at  the  edge  of  the  shell.  If  a drop  of  water 
containing  arcellte  be  placed  under  the  microscope,  it  often 
occurs  that  one  of  them  falls  on  its  back,  as  it  were,  i.e.  with 
the  convex  side  downwards  on  the  slide,  so  that  the  pseudo- 

* Th.  M.  Engelmann,  “Beitrage  zur  Physiologie  des  Protoplasma,”  Pflüger’s 
Arch.,  vol.  xi.  p.  307  : 1869.  Compare  also  Pflüger’s  Arch.,  vol.  xxv.  p.  228  ; 
vol.  xxvi.  p.  544 ; and  vol.  xxx.  pp.  96,  97. 
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podia  which  appear  at  the  edge  of  the  shell  cannot  reach  any 
support.  It  is  then  ohser.ved  that,  near  the  edge  on  one  side, 
minute  bubbles  of  gas  make  their  appearance  in  the  proto- 
plasm ; this  side  consequently  becomes  lighter  and  floats  up, 
so  that  the  animal  now  rests  upon  the  opposite  sharp  edge. 
It  is  now  able,  by  means  of  its  pseudopodia,  to  grasp  the 
slide  and  thus  completely  to  turn  over,  so  that  all  the  pseudo- 
podia are  downwards.  The  gas-bubbles  now  disappear,  and 
the  animal  crawls  away.  If  a little  water  containing  arcellae 
be  dropped  on  the  under  side  of  a cover-glass,  and  the  latter 
he  placed  on  a small  gas-chamber,  it  is  observed  that  the 
animalcules  at  first  sink  to  the  bottom  of  the  drops.  If  they 
find  nothing  to  lay  hold  of,  large  bubbles  of  gas  are  developed 
in  the  protoplasm,  and  as  they  are  thus  rendered  specifically 
lighter  than  the  water,  they  rise  in  the  drops.  If  they  reach 
the  surface  of  the  glass  in  such  a position  that  they  cannot 
attach  themselves  to  it  by  their  pseudopodia,  the  gas-hubbles 
are  diminished  on  one  side  or  increased  on  the  other  (some- 
times simultaneously  on  both),  until  a tilting  takes  place  and 
the  edge  of  the  shell  comes  in  contact  with  the  glass,  and  they 
are  thus  enabled  to  turn  over.  When  once  this  is  accom- 
plished, the  bubbles  again  disappear,  and  the  animal  can  now 
crawl  freely  about  the  glass.  If  the  arcellae  are  carefully 
detached  by  means  of  a needle,  they  at  first  fall  to  the  bottom, 
and  then  go  through  the  same  proceedings  anew.  Whatever 
attempt  may  be  made  to  put  them  into  an  inconvenient 
position,  they  are  always  able,  by  the  development  of  gas- 
bubbles  of  appropriate  size  and  at  the  proper  spot,  to  right 
themselves,  so  that  they  acquire  a position  favourable  to 
locomotion;  and  the  attainment  of  this  object  is  always 
followed  by  the  disappearance  of  the  bubbles.  “ It  cannot  be 
denied,”  says  Engelmann,  “that  these  facts  point  to  psychical 
processes  in  the  protoplasm.” 

Whether  this  view  of  Engclmann’s  is  justified  or  not,  I do 
not  venture  to  decide.  I will  even  unreservedly  admit  that 
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these  remarkable  phenomena  may  find  a mechanical  expla- 
nation. I have  brought  these  facts  to  your  notice  merely  in 
order  to  show  you  what  complex  manifestations  of  life  we 
meet  with,  in  cases  where  microscopical  investigation  has 
already  reached  its  limit,  and  how  little  it  has  at  present 
been  possible  to  explain  any  single  vital  process  on  purely 
mechanical  grounds.  For  the  cells  of  which  our  body  is 
composed,  exhibit  processes  which  are  at  least  as  complicated 
as  those  of  the  simple  organisms.  Every  one  of  the  innu- 
merable microscopical  cells  of  which  our  body  is  made  up  is 
a microcosm,  a world  in  itself. 

It  is  a well-known  fact  that  through  one  single  sperma- 
tozoon, through  this  minute  cell,  five  hundred  million  of  which 
would  hardly  occupy  one  cubic  millimeter,  all  the  physical 
and  intellectual  peculiarities  may  be  transmitted  from  father 
to  son,  or,  even  skipping  the  son,  may  again,  by  the  agency 
of  one  single  minute  cell,  reappear  in  the  grandson.  If  this 
is  really  a mechanical  process,  how  wonderful  must  be  the 
molecular  structure,  how  complicated  the  interchange  of 
forces,  how  intricate  the  forms  of  motion,  in  this  small  cell 
which  shall  direct  all  subsequent  forms  of  motion,  and  the 
mode  of  development  for  generations  ! And  how  shall  this 
minute  structure  transmit  mental  qualities  ? Here  we  are 
utterly  abandoned  by  physics,  chemistry,  and  anatomy. 

Many  centuries  may  pass  over  the  human  race,  many  a 
thinker’s  brow  be  furrowed,  and  many  a giant  worker  be 
worn  out,  ere  even  the  first  step  be  taken  towards  the 
solution  of  this  problem.  And  yet  it  is  quite  conceivable  that 
a sudden  flash  of  light  may  illumine  the  darkness.  You 
would  misunderstand  me,  were  you  to  take  my  exposition 
as  a confession  that  I imagine,  that  science  has  impassable 
boundaries.  Science  will  continue  to  ask  and  to  answer 
ever  bolder  questions.  Nothing  can  stop  its  victorious 
career,  not  even  the  limitations  of  our  intellect.  This  too  is 
capable  of  being  made  more  perfect.  There  is  no  rational 
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ground  for  thinking  that  the  continuous  progression,  develop- 
ment, and  ennoblement  of  type  which  has  been  going  on 
for  centuries  on  this  planet,  should  come  to  an  end  with 
us.  There  was  a time  when  the  only  living  creatures 
were  the  infusoria  floating  in  the  primeval  sea,  and  the  time 
may  come  when  a race  may  dominate  the  globe  as  supe- 
rior to  ourselves  in  intellectual  faculties  as  we  are  to  the 
infusoria. 

We  must,  therefore,  unreservedly  admit  that  the  stupendous 
difficulties  which  at  present  beset  physiological  investigations 
may  finally  be  overcome.  But  for  the  moment  it  is  not 
apparent  how  any  further  progress  of  importance  can  be 
made  with  the  help  of  chemistry,  physics,  and  anatomy  only. 
The  smallest  cell  exhibits  all  the  mysteries  of  life,  and  our 
present  methods  of  its  investigation  have  reached  their  limit. 

But  we  may  improve  our  methods,  we  may  acquire 
microscopes  of  still  higher  power  than  those  we  now  possess. 
The  cell  which  at  present  appears  to  be  without  structure, 
may  show  a nucleus  when  treated  with  some  new  stain. 
And  the  nucleus  itself  displays  a structure  so  complex  that 
it  will  soon  require  the  entire  attention  of  numerous  observers 
for  its  adequate  investigation  and  description.  But  unfor- 
tunately a complex  structure  is  no  explanation ; it  only  offers 
a new  problem  as  to  its  mode  of  origin.  And,  moreover,  how 
little  does  our  knowledge  of  this  structure  help  us  to  under- 
stand even  the  simple  processes  observable  in  the  Vampyrella 
and  the  Arcella ! 

For  all  this,  physiological  inquiry  must  commence  with 
the  study  of  the  most  complicated  organism,-  that  of  man. 
Apart  from  the  requirements  of  practical  medicine,  this  is 
justified  by  the  following  reason,  which  leads  us  back  to  the 
starting-point  of  our  remarks : that  in  researches  upon  the 
human  organism  we  are  not  limited  to  our  physical  senses, 
but  also  possess  the  advantage  afforded  by  the  “internal 
sense,”  or  self-observation. 
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To  the  clear  recognition  of  the  value  of  this  method, 
which  enables  us  to  attack  the  problem  from  two  sides,  is 
due  Johannes  Miiller’s  great  discovery  of  the  law  of  the 
“specific  energy  of  the  senses,”  which  is  without  doubt  the 
greatest  achievement  both  of  physiology  and  psychology,  and 
the  exact  basis  of  all  idealistic  philosophy.  I mean  the 
simple  law,  that  the  same  stimulus,  the  same  external 
phenomenon,  acting  on  different  organs  of  sense  always 
produces  different  sensations ; and  that  different  stimuli 
acting  on  the  same  organ  of  sense  always  produce  the  same 
sensation.  The  phenomena  of  the  outer  world,  therefore, 
have  nothing  in  common  with  the  sensation  and  ideas  they 
call  forth  in  us,  and  the  states  and  processes  of  our  own 
consciousness  are  alone  immediately  subject  to  our  observa- 
tion and  recognition. 

This  simple  truth  is  the  greatest  and  deepest  ever  thought 
out  by  the  human  intellect,  and  leads  us  at  once  to  a complete 
understanding  of  what  constitutes  the  essence  of  vitalism. 
The  essence  of  vitalism  does  not  lie  in  being  content  with 
a term  and  abandoning  reflection,  but  in  adopting  the  only 
right  path  of  obtaining  knowledge  which  is  possible,  in 
starting  from  what  we  know,  the  internal  world,  to  explain 
what  we  do  not  know,  the  external  world. 

The  opposite  and  erroneous  view  is  adopted  by  mechanism, 
which  is  no  other  than  materialism ; it  starts  from  the 
unknown,  the  external  world,  to  explain  the  known,  the 
internal  world. 

The  physiologist  is  continually  being  driven  back  to 
materialism  by  the  fact,  that  in  psychology  no  attempt  has 
yet  been  made  to  attain  that  exactness  to  which  the  studies 
of  physics  and  chemistry  have  accustomed  us.  It  cannot 
be  denied  that,  although  nothing  is  so  immediately  under 
observation  as  the  conditions  and  processes  of  our  own 
consciousness,  it  is  precisely  on  this  subject  that  our  know- 
ledge is  most  vague  and  uncertain.  There  are  numerous 
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reasons  for  this.  The  object  is  more  complicated,  the  qualities 
are  much  more  numerous,  than  in  the  outer  world;  moreover, 
the  states  and  processes  in  our  consciousness  are  ever  under- 
going rapid  variation ; and,  finally,  we  possess  at  present  no 
means  of  quantitatively  estimating  the  objects  of  our  internal 
sense. 

So  long  as  psychology  remains  in  this  condition,  we 
cannot  arrive  at  satisfactory  explanations  of  vital  processes. 
In  most  branches  of  physiology,  there  is  nothing  to  be  done 
but  to  proceed  along  the  same  mechanical  lines.  This 
method  is  undoubtedly  valuable ; we  must  endeavour  to 
advance  as  far  as  possible  by  the  sole  help  of  chemistry  and 
physics.  What  these  sciences  fail  to  achieve  will  stand  out 
more  prominently,  and  thus  the  mechanical  theories  of  the 
present  will  assuredly  carry  us  eventually  to  the  vitalism  of 
the  future. 
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THE  CIRCULATION  OF  THE  CHEMICAL  ELEMENTS.* 

The  object  of  physiological  chemistry  is  to  investigate  the 
chemical  processes  of  the  living  organism,  and  to  consider 
the  relation  of  these  processes  to  vital  phenomena.  We  shall 
confine  ourselves  to  a consideration  of  these  processes  as  they 
occur  in  man  and  the  higher  animals.  It  may  appear  erro- 
neous to  commence  the  study  of  the  most  complex  organisms 
before  obtaining  a general  knowledge  of  the  chemical  pro- 
cesses of  the  more  simple ; but  since  no  physiological 
chemistry  of  the  latter  as  yet  exists,  there  is  no  choice  left 
to  us.  The  little  that  is  known  on  this  subject  will  be  intro- 
duced, as  occasion  offers,  when  we  come  to  discuss  the  nutri- 
tion of  the  higher  animals. 

Before  we  approach  our  subject,  we  must  consider  the 
various  chemical  elements  and  forces,  concerned  in  vital 
manifestations,  as  they  present  themselves  in  organic  and 
inorganic  nature.  Nature  must  be  considered  as  a whole  if 
she  is  to  be  understood  in  detail ; there  must  be  a clear  com- 
prehension of  the  great  unchanging  laws  which  are  equally 
applicable  to  living  and  inanimate  things. 

* The  beginner  who  desires  to  make  himself  more  fully  acquainted  with  the 
subject  of  the  present  chapter,  is  particularly  recommended  to  study  Liebig’s  great 
work,  “ Chemistry  in  its  Applications  to  Agriculture  and  Physiology : ” 1S40  ; 
8th  edit.  1865.  The  scientific  enthusiasm  which  our  great  teacher  imparted 
during  his  life  to  all  who  came  into  contact  with  him,  still  speaks  from  every 
page  of  this  work.  Those  who  wish  to  familiarize  themselves  with  more  modern 
achievements  should  read  Adolf  Meyer’s  “ Text-book  of  Agricultural  Chemistry  ” 
(Heidelberg  : 1876),  in  which  will  be  found  a full  account  of  the  original  litera- 
ture on  the  subject. 
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Twelve  chemical  elements  enter  into  the  composition  of  all 
living  beings  without  exception  : carbon,  hydrogen,  oxygen, 
nitrogen,  sulphur,  phosphorus,  chlorine,  potassium,  sodium, 
calcium,  magnesium,  and  iron. 

Carbon  occurs,  on  the  surface  of  our  planet,  chiefly  united 
with  oxygen  in  the  form  of  carbonic  acid.  Of  this  only  a 
small  part  exists  free  in  the  atmosphere,  or  absorbed  in 
water.  The  greater  part  is  united  with  such  bases  as  lime 
and  magnesia,  and  forms  gigantic  strata  of  the  earth’s  crust. 
Only  a comparatively  small  amount  of  carbon  occurs  in  a free 
state  as  coal,  and  a still  smaller  quantity  as  graphite  and 
diamond.  Coal  is,  as  we  well  know,  the  residue  of  plants, 
and  plants  derive  their  carbon  from  the  carbonic  acid  of  the 
atmosphere.  Apart,  then,  from  graphite  and  diamond,  the 
mode  of  formation  of  which  is  still  unknown,  it  may  be  said 
that  all  the  carbon  on  the  earth  is  or  has  been  in  the  form 
of  carbonic  acid,  and  that  carbonic  acid  is  the  compound 
through  which  carbon  must  always  pass  in  its  innumerable 
metamorphoses.  It  is  in  this  form  that  carbon  appears  in 
the  cycle  of  life  ; in  this  form  alone  it  is  taken  up  by  plants 
and  converted  into  the  numerous  combinations  of  which  they 
are  composed.  Carbon  is  introduced  into  the  animal  organism 
as  vegetable  food,  and  is  excreted  either  as  carbonic  acid  or  in 
the  form  of  compounds,  such  as  urea,  which  very  rapidly 
decompose  outside  the  organism,  and  yield  carbonic  acid. 
Carbon,  then,  leaves  the  cycle  of  life  in  the  same  form  in 
which  it  entered,  and  returns  to  the  atmosphere  to  repeat  the 
process  anew. 

Hydrogen  is  only  found  in  traces  as  a free  gas.  In  inorganic 
nature  it  occurs  almost  exclusively  in  the  form  of  water,  but 
a minute  quantity  appears  as  ammonia.  Hydrogen  is  taken 
up  by  plants  in  the  form  of  water  and  ammonia  only  ; it  con- 
stitutes part  of  the  complex  substance  the  plant  is  made  of, 
and  which  serves  as  food  for  animals  ; it  leaves  the  animal 
organism  again  in  the  form  of  water  and  ammonia,  or  in  the 
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shape  of  compounds  which  rapidly  split  up  into  these  two 
bodies. 

Oxygen  is  the  most  widely  distributed  of  all  elements  on 
the  surface  of  the  globe  ; it  forms  nearly  one-fourth  by  weight 
of  the  atmosphere,  eight-ninths  of  the  weight  of  water,  and 
about  half  the  weight  of  the  earth’s  crust,  which  is  made  up 
almost  exclusively  of  oxygen-compounds.  Oxygen  is  the  only 
element  which  enters  the  living  organism  in  a free  state,  but 
it  does  so  only  in  part,  and  in  the  case  of  plants  only  to  a 
very  small  extent.  The  chief  bulk  of  the  oxygen  enters  the 
organization  of  plants  as  water  and  as  carbonic  acid.  By 
the  aid  of  sunlight,  the  plants  split  off  from  these  combina- 
tions a part  of  the  oxygen,  and  form  compounds  richer  in 
carbon  and  hydrogen,  which,  as  food  stuffs,  are  taken  into 
the  animal  body,  where  they  again  unite  with  oxygen,  and 
are  returned  as  carbonic  acid  and  water  to  the  air. 

By  this  antagonism  between  the  animal  and  vegetable 
kingdoms,  the  balance  of  carbonic  acid  and  oxygen  is  main- 
tained in  the  atmosphere ; the  plant  yielding  the  oxygen 
which  the  animal  requires,  while  the  animal  in  its  turn  gives 
out  the  carbonic  acid  needed  by  the  plant. 

We  may  now  ask  whether  this  balance  will  always  be 
maintained.  Even  should  it  not  be  disturbed  by  vital  pro- 
cesses, may  there  not  be  agents  at  work  in  inorganic  nature, 
which,  by  their  action  on  the  atmosphere,  may  increase  or 
diminish  those  of  its  constituents  necessary  to  existence  ? 

As  regards  carbonic  acid,  the  geologists  are  of  opinion 
that  there  was  formerly  a larger  amount  in  the  atmosphere. 
What  are  the  causes  of  this  diminution?  are  they  still  at 
work  ? and  have  we  to  look  forward  to  a continuous  decrease 
in  the  bulk  of  this  gas  ? 

One  of  the  causes  of  the  diminution  of  carbonic  acid  is 
not  far  to  seek : i.e.  the  formation  of  coal  strata,  which,  it 
is  well  known,  owe  their  origin  to  plants  which  derived  their 
carbon  from  the  carbonic  acid  of  the'  atmosphere.  At  the 
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same  time,  the  amount  of  carbon  taken  up  in  this  way 
appears  to  be  comparatively  small.  And  even  if  the  for- 
mation of  coal  is  still  going  on  under  the  sea,  on  the  other 
hand  carbonic  acid  is  being  unceasingly  returned  to  the 
atmosphere  from  thousands  of  chimneys.  We  need  scarcely 
fear  a diminution  of  carbonic  acid  from  this  cause.  But 
there  is  another  one  of  far  greater  importance  : I mean  the 
displacement  of  the  silicic  acid  from  the  stone  of  the  earth’s 
Crust  by  the  carbonic  acid  of  the  atmosphere ; the  union  of 
carbonic  acid  with  the  bases  previously  existing  as  silicates. 
The  rocks,  which  form  the  solid  crust,  consist  principally  of 
silicates  and  carbonates — of  compounds  of  silicic  and  car- 
bonic acids  with  lime,  magnesium,  suboxide  of  iron,  and 
alkalies.  Now,  each  acid  is  always  trying  to  prevent  the 
other  from  combining,  and  to  unite  itself  with  the  basic  con- 
stituents. Silicic  acid  and  carbonic  acid  are  “the  two  great 
powers  in  the  construction  of  the  earth,”  and  are  always  at 
war  with  each  other,  with  alternate  victory  and  defeat  on 
each  side.  As  soon  as  carbonic  acid  succeeds  in  obtaining 
complete  mastery  over  the  silicic  acid,  all  organic  life  must 
cease  on  our  planet. 

The  chemical  affinity  of  carbonic  acid  to  the  basic  con- 
stituents of  the  rocks  is  closer  than  that  of  the  silicic  acid,  in 
the  cold  and  in  presence  of  water ; the  carbonic  is  the  more 
powerful  acid  on  the  earth’s  surface,  where  it  is  obtaining 
a slow  but  sure  victory.  Every  wave  breaking  against  the 
cliffs,  every  ripple  which  washes  the  flinty  bed  of  the  river, 
every  drop  of  rain  which  falls  to  the  ground  contains  carbonic 
acid  in  solution,  and  slowly  but  surely  destroys  the  hardest 
rock ; the  carbonic  acid  unites  with  the  basic  constituents,  and 
the  displaced  silicic  acid,  combined  with  the  residue  of  the 
bases,  sinks  to  the  bottom  of  the  water,  where,  as  clay  or  sand- 
stone, it  gradually  forms  massive  strata  of  the  earth’s  surface. 
But  the  carbonic  acid,  united  with  lime  or  magnesium,  is 
likewise  precipitated,  mixed  either  with  part  of  the  decom- 
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posed  silicates  in  tlie  form  of  marl,  or  in  separate  strata  as 
limestone  and  dolomite.  Half  the  entire  weight  of  the  thick 
calcareous  strata,  which  compose  a very  large  part  of  the 
crust  of  the  earth,  consists  of  carbonic  acid,  derived  from  the 
atmosphere,  and  which  has  apparently  been  withdrawn  for 
ever  from  the  cycle  of  life. 

But  the  struggle  between  the  two  acids  wears  another 
aspect  in  the  interior  of  the  earth.  At  the  higher  tem- 
perature which  prevails  there,  the  silicic  acid  is  the  more 
powerful.  In  the  depths  of  the  earth  it  attacks  the  carbo- 
nates, and  the  carbonic  acid  which  is  driven  off  escapes  into 
the  atmosphere.  This  carbonic  acid  is  continually  issuing 
from  all  active  volcanoes,  and  also  from  other  cracks  and 
fissures  in  various  parts  of  the  earth.  The  quantity  which 
is  thus  returned  to  the  atmosphere  cannot  he  determined, 
but  it  seems  probable  that  it  is  much  less  than  what  is  con- 
stantly being  removed  in  the  form  of  chalk  and  carbonate 
of  magnesia.  If  it  is  true  that  our  planet  is  steadily 
becoming  cooler  and  its  crust  thicker,  the  factor  which  aids 
the  silicic  acid,  the  warmth  of  the  earth  itself,  must  con- 
tinually decrease,  and  thus  leave  nothing  to  dispute  the  rule 
of  carbonic  acid ; hence  organic  life  must  terminate. 

In  like  manner  as  carbonic  acid,  a second  constituent 
of  the  atmosphere,  oxygen,  is  constantly  becoming  fixed  in 
the  crust  of  the  earth,  and  thus  removed  from  the  cycle  of 
vital  phenomena.  The  constituent  of  the  earth’s  crust  which 
binds  it,  is  the  ferrous  oxide  resulting  from  the  decomposition 
of  certain  silicates.  This  becomes  oxidized  to  ferric  oxide, 
which,  as  is  well  known,  forms  by  itself  considerable  strata, 
and  occurs  in  still  larger  quantities  mixed  with  other  mate- 
rials, as  clay,  loam,  sandstone,  and  shale.  One-third  of  the 
oxygen  in  these  huge  masses  of  ferric  oxide  is  derived  from 
the  atmosphere.  A part  of  this  oxygen  may  return  to  the 
atmosphere,  for,  when  the  oxide  of  iron  comes  into  contact 
with  decomposing  organic  substances,  the  latter  abstract 
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part  of  its  oxygen.  As  the  result  of  the  oxidation  of  the 
organic  substances,  carbonic  acid  is  returned  to  the  atmos- 
phere, where  it  may  again  be  decomposed  by  plants,  thus 
liberating  oxygen.  But  this  activity  of  plants  is  the  only 
process  by  which  oxygen  is  set  free  on  the  earth’s  surface, 
and  it  is  very  questionable  whether  it  is  of  itself  sufficient 
to  counterbalance  the  consumption  of  oxygen  in  respiration, 
putrefaction,  combustion,  and  oxidation  of  the  compounds  of 
iron  and  of  sulphur. 

It  thus  appears  that  a substance  of  great  importance  in 
the  nutrition  of  plants,  free  carbonic  acid,  and  a substance 
essential  to  the  maintenance  of  all  organic  life,  free  oxygen, 
are  continually  diminishing,  and  that  the  time  is  slowly  but 
surely  approaching  when  the  conditions  necessary  for  our 
existence  will  no  longer  prevail,  and  when  all  life  will  become 
extinct  on  this  planet. 

We  will  now  turn  our  attention  to  the  nitrogen,  the 
fourth  and  last  of  the  elements  which  organic  nature  derives 
from  the  atmosphere  directly  or  indirectly.  Nitrogen  is 
characterized  by  its  small  affinity  for  other  elements.  For 
this  reason  the  greater  part  of  the  nitrogen  is  found  in  a free 
state  ; it  forms  four-fifths  of  the  atmosphere.  Only  a minute 
portion  is  found  in  inorganic  nature  in  the  form  of  com- 
pounds : this  is  the  nitrogen  of  ammonia,  and  of  its  pro- 
ducts of  oxidation,  nitrous  and  nitric  acids.  Nitrogen  enters 
organic  nature  in  the  form  of  these  compounds  only.  The 
great  bulk  of  free  nitrogen  has  no  part  in  vital  processes,  for 
the  plant  cannot  assimilate  it. 

Now,  since  the  quantity  of  fixed  nitrogen  existing  in 
nature  is  very  small,  and  since  plants  cannot  utilize  the 
other  constituents  of  their  nutrition  unless  an  appropriate 
quantity  of  fixed  nitrogen  be  taken  up  at  the  same  time, 
it  is  obvious  that  the  total  number  of  organic  beings  which 
can  simultaneously  exist  on  the  earth  must  depend  in  the 
first  instance  on  the  amount  of  fixed  nitrogen  available.  It 
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is,  therefore,  a question  of  the  greatest  interest  to  know  by 
what  means  the  amount  of  fixed  nitrogen  is  increased  or 
diminished. 

The  process  of  life  itself  does  not  alter  the  sum  total  of 
fixed  nitrogen.  Nitrogen  is  taken  up  by  the  plants  as  am- 
monia, nitrites,  and  nitrates,  and  is  converted  into  and  forms 
part  of  numerous  most  complicated  substances,  chiefly  pro- 
teids ; in  this  form  it  enters  the  animal  economy,  where  the 
proteid  breaks  down  into  urea,  uric  acid,  and  other  com- 
pounds, which  rapidly  decompose  outside  the  organism,  and 
yield  ammonia.  Nitrogen  enters  the  organic  cycle  in  a fixed 
form,  and  leaves  it  in  the  same  state ; the  vital  processes 
themselves  neither  increase  nor  diminish  the  existing  store 
of  fixed  nitrogen. 

But  in  inorganic  nature  there  must  be  factors  at  work 
which  produce  fixed  nitrogen.  For  if  it  is  true  that  our 
earth  was  once  a fluid  mass  of  fire,  ammonia  and. nitric 
aeid  could  not  then  have  existed,  since  they  break  up  into 
their  elements  at  a high  temperature.  Organic  life  could 
never  have  arisen,  had  there  not  been  a process  at  work 
which  produced  the  union  of  nitrogen  with  hydrogen  and 
oxygen.  Such  a process  has  been  recognized  in  atmospheric 
electrical  discharges.  It  has  been  established  by  numerous 
experiments  that,  by  means  of  electrical  discharges,  nitrogen 
is  united  with  oxygen  to  form  nitric  acid,  and  that,  by  sending 
the  electric  discharge  through  a damp  atmosphere,  nitrogen 
and  vapour  combine  to  form  nitrite  of  ammonia.* 

2N + 2H20  = NH4N  02 

This  process  occurs  on  a large  scale  in  every  thunder- 
storm, the  products  being  conveyed  to  the  ground  by  the 
rain.  Schönbein  has  pointed  out  a second  process,  viz.  that 
wherever  evaporation  occurs,  minute  traces  of  nitrite  of  am- 

* Berthelot,  Bull.  aoc.  chim.,  t.  xxvii,  p.  33S ; Ann.  chim.  phye.,  t.  xii.  p,  445  : 
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monia  are  formed  in  the  air.  The  evaporation  which  is 
constantly  going  on  from  the  outer  surface  of  the  plants 
themselves,  may  therefore  be  a source  of  combined  nitrogen 
for  them. 

It  follows  that  the  whole  store  of  fixed  nitrogen  is  con- 
stantly increasing  from  two  sources.  Organic  life  would 
therefore  develop  with  ever  greater  luxuriance  were  it  not 
for  the  operation  of  other  causes,  by  means  of  which  com- 
bined nitrogen  is  again  set  free.  This  is  effected  by  com- 
bustion. The  burning  up  of  vast  forests  of  wood  by  man, 
which  has  been  going  on  for  thousands  of  years,  detracts 
from  the  store  of  fixed  nitrogen,  to  which  animals  and  plants 
owe  their  existence ; the  total  of  life  is  no  doubt  diminished 
thereby,  and  the  fertility  of  the  soil  must  decrease.  For  this 
reason  the  project  of  cremation,  recently  introduced,  should  be 
abandoned,  although  the  amount  of  fixed  nitrogen  destroyed 
in  this  manner  would  be  much  less  than  it  is  in  consuming 
forests  as  fuel.  Combined  nitrogen  is  further  destroyed  by 
igniting  gunpowder  or  other  explosives,  which  are  all  deriva- 
tives of  nitric  acid.  A single  cannon-shot,  in  which  only  a 
pound  of  gunpowder  is  used,  destroys  as  much  combined 
nitrogen  as  is  contained  in  three  million  litres  of  atmospheric 
air.  In  this  sense  it  may  be  affirmed  that  every  shot  from 
a firearm  kills,  that  it  destroys  life  whether  the  ball  strikes 
a living  being  or  not.  For  no  life  is  lost  by  the  death  of 
the  individual;  from  the  decay  of  the  body  equivalent  new 
life  arises.  But  the  destruction  of  combined  nitrogen  means 
the  definite  diminution  of  the  capital,  upon  the  amount  of 
which  the  total  number  of  living  beings  depends. 

The  remaining  eight  elements  are  derived  by  the  plant 
from  the  soil.  Sulphur  is  widely  distributed  in  inorganic 
nature  as  sulphates  of  the  alkalies  and  alkaline  earths.  It 
enters  the  vegetable  organism  in  this  form,  and  takes  part  in 
the  building  up  of  the  proteid  molecule,  of  which  it  forms 
about  0-3  to  2 per  cent,  by  weight.  It  is  chiefly  taken  up  by 


22 


LECTURE  II. 


the  animal  organism  in  the  form  of  proteid,  and  is  excreted 
for  the  most  part  in  the  highest  oxidized  condition  as  sul- 
phuric acid,  derived  from  the  splitting  up  and  oxidation  of  the 
proteid  molecule.  In  this  form,  united  with  alkalies,  it  is 
again  ready  to  repeat  the  cycle  of  life. 

The  course  of  phosphorus  is  very  similar.  It  occurs  in  the 
inorganic  world  only  in  a high  state  of  oxidation  as  phosphoric 
acid  united  with  bases,  especially  with  alkalies  and  alkaline 
earths,  and  only  enters  the  plant  in  this  form. 

Although  phosphoric  acid  is  widely  distributed  over  the 
whole  surface  of  the  globe,  its  amount  in  most  soils  is  very 
small.  As  in  the  case  of  nitrogen,  the  quantity  present  in  a 
field  may  be  so  little  that  vegetable  life  is  unable  to  convert 
all  the  other  elements  into  food.  In  rare  cases  this  is 
also  true  of  potassium ; but  there  is  never  a lack  of  the 
remaining  nutrient  matters.  In  agriculture  it  is,  therefore, 
of  the  greatest  importance  to  determine  which  of  these  three 
elements  is  most  deficient  in  any  given  soil.  The  fertility  of 
the  land  will  depend  on  the  quantity  of  the  substance  of  which 
there  is  a minimum.  This  is  the  important  law  which  agricul- 
tural chemistry  designates  as  the  “ Law  of  the  minimum.” 
The  element  which  is  present  in  the  smallest  quantity  must 
be  supplied  to  the  soil  by  artificial  manuring.  It  is  generally 
phosphoric  acid ; hence  the  use  of  bone-dust,  apatite,  and 
the  like. 

In  the  plant,  phosphoric  acid  takes  part  in  the  formation 
of  very  complicated  combinations — of  the  various  forms  of 
lecithin  and  nuclein,  which  are  integral  constituents  of  every 
vegetable  and  animal  cell.  It  is  chiefly  in  these  combinations, 
and  only  to  a small  extent  as  salts,  that  phosphorus  enters  the 
animal  body,  which  it  leaves  in  the  same  form  that  it  entered 
the  plant,  as  a phosphate. 

The  circulation  of  chlorine  is  very  simple ; it  only 
occurs  in  nature  in  the  form  of  salts,  chiefly  united  with 
sodium  and  potassium.  In  this  form  it  enters  and  leaves  the 
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cycle  of  life.  It  takes  no  part  in  the  formation  of  organic 
compounds. 

The  same  is  true  of  sodium,  potassium,  calcium,  and 
magnesium.  They  occur  in  the  inorganic  world  only  as 
salts,  enter  plants  as  such,  combine  very  loosely  with  organic 
matter,  and  are  excreted  from  the  animal  body  also  in  the 
form  of  salts. 

Ikon  never  occurs  on  the  surface  of  the  globe  as  a free 
metal,  but  chiefly  in  union  with  oxygen  as  ferrous  and  ferric 
oxides.  The  former  is  a strong  base,  and  forms  neutral  salts 
with  all  acids.  Ferric  oxide  is  only  a weak  base,  and  is 
unable  to  fix  carbonic  acid.  Ferrous  silicates,  when  de- 
composed by  atmospheric  carbonic  acid,  yield  ferrous  car- 
bonate, which  is  soluble  in  water  containing  carbonic  acid, 
and  is  distributed  by  water  all  over  the  earth.  But  as 
soon  as  it  comes  in  contact  with  the  atmosphere,  it  is 
oxidized  to  ferric  oxide,  and  the  carbonic  acid,  being  set  free, 
is  returned  to  the  atmosphere.  The  ferric  oxide,  when  it 
comes  in  contact  with  decomposing  organic  matter,  is 
reduced,  and  ferrous  carbonate  is  again  formed  and  carried 
off  by  water,  until  it  again  comes  in  contact  with  air,  and 
again  aids  in  the  oxidation  of  vegetable  and  animal  refuse. 
Iron  is,  therefore,  an  indefatigable  oxidizing  agent.  The 
iron  prevents  the  retention  of  carbon  in  the  soil,  and 
enables  it  to  return  to  the  atmosphere,  aud  thus  to  re- 
enter the  cycle  of  life.  The  process  of  oxidation  is  rather 
more  complicated  when  sulphur  is  present.  Sulphur 
also  acts  as  an  oxidizing  agent.  If  decomposing  organic 
substances  meet  simultaneously  with  oxides  of  iron  and 
sulphates,  e.g.  gypsum,  not  only  is  the  oxygen  of  the  oxides 
completely  taken  up,  but  that  also  of  the  sulphuric  acid, 
sulphide  of  iron  being  formed.  The  latter,  in  the  presence 
of  air,  may  again  be  oxidized  to  sulphuric  acid  and  ferric 
oxide,  and  then  again  act  as  an  oxidizing  agent.  The  sulphur 
required  for  the  formation  of  sulphide  of  iron  after  the 
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reduction  of  ferric  oxide,  may  be  yielded  by  decomposing 
organic  matter  itself,  since  this  always  contains  proteid,  and 
consequently  sulphur. 

Iron  plays  the  same  part  in  our  organism  as  it  does  in 
the  earth’s  crust,  the  part  of  oxygen-carrier.  Only  the  iron 
in  our  organism  does  not  occur  as  ferric  and  ferrous  oxides, 
but  as  a complex  organic  compound,  the  most  complicated 
body  which  has  hitherto  been  investigated  with  precision, 
and  which  contains  at  least  seven  hundred  atoms  of  carbon 
in  its  molecule.  This  is  the  red  colouring  matter  of  the 
blood,  haemoglobin,  which,  as  oxy-haemoglobin,  a loose  com- 
pound with  oxygen,  corresponds  to  the  ferric  oxide,  and,  as 
reduced  haemoglobin,  to  ferrous  oxide.  Haemoglobin  also 
contains  sulphur,  and  it  may  be  that  the  sulphur  of  haemo- 
globin, and  of  all  other  proteid  bodies,  still  retains  its  function 
as  an  oxidizing  agent.  At  any  rate,  it  cannot  be  to  the  iron 
alone  that  this  property  is  due,  since,  as  we  shall  see  in  the 
fourteenth  lecture,  the  amount  of  loosely  combined  oxygen 
is  much  too  large. 

The  enormous  size  of  the  haemoglobin-molecule  finds  a 
teleological  explanation  if  we  consider  that  iron  is  eight 
times  as  heavy  as  water.  A compound  of  iron  which  would 
float  easily  along  with  the  blood-current  through  the  vessels 
could  only  be  secured  by  the  iron  being  taken  up  by  so  large 
an  organic  molecule. 

Haemoglobin  first  makes  its  appearance  in  the  animal 
organism.  It  does  not  exist  in  plants.  The  plant  has  the 
power  of  assimilating  inorganic  compounds  of  iron,  and  of 
using  them  for  building  up  complex  organic  compounds 
which  have  not  yet  been  sufficiently  investigated.  From 
these  bodies  the  haemoglobin  is  produced  in  the  animal 
economy  {vide  Lecture  VI.). 

Iron  likewise  plays  an  important  part  in  vegetable  life  ; 
we  know  that  chlorophyll  granules  cannot  be  formed  without 
it.  If  plants  are  allowed  to  grow'  in  nutritive  solutions  free 
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from  iron,  the  leaves  are  colourless,  but  become  green  as  soon 
as  an  iron  salt  is  added  to  the  fluid  in  which  the  roots  are 
immersed.  It  is  even  sufficient  merely  to  brush  the  surface 
of  the  colourless  leaf  with  a solution  of  an  iron  salt  to  cause 
the  appearance  of  the  green  colour  in  the  part  thus  painted. 
Chlorophyll  itself  contains  no  iron,  and  we  do  not  know  in 
what  way  the  iron  is  concerned  in  its  production. 

It  is  not  yet  known  in  what  form  and  by  what  path  iron 
leaves  the  animal  body.  Urine  contains  scarcely  perceptible 
traces  of  iron,  probably  as  an  organic  compound.  The  feces 
always  contain  a considerable  quantity  of  sulphide  of  iron. 
But  it  cannot  be  determined  how  much  of  this  is  derived  from 
the  food,  and  how  much  from  the  digestive  secretions.  Out- 
side the  body,  the  sulphide  of  iron  is  converted  by  the  atmo- 
spheric oxygen  into  sulphuric  acid  and  oxide  of  iron,  and  the 
cycle  is  complete. 

In  addition  to  the  twelve  elements  alluded  to,  the  follow- 
ing elements  are  met  with  in  certain  organisms,  though  they 
are  not  always  an  integral  part  of  their  composition : silicon, 
fluorine,  bromine,  iodine,  aluminium,  manganese,  and  copper. 

Silicon  does  not  occur  in  the  free  state,  but  only  as  silicic 
acid.  This  compound,  as  already  mentioned,  is  amongst 
the  most  widely  distributed  bodies  on  the  surface  of  the 
globe.  The  alkali  salts  of  silicic  acid  are  soluble  in  water, 
and  the  free  acid,  when  liberated  by  carbonic  acid  from 
certain  silicates,  at  first  appears  as  a hydrated  acid  apparently 
in  a state  of  solution,  in  what  is  known  as  a colloid  condition 
(see  Lecture  IV.).  Probably  plants  absorb  silicic  acid  in  both 
these  forms.  All  the  higher  plants  seem  to  contain  silicic 
acid.  Among  cryptogamic  plants,  the  reeds  and  grasses  are 
distinguished  by  the  large  amount  of  silicic  acid  they  con- 
tain. Certain  unicellular  algie  (the  Diatomaceas)  cover  them- 
selves with  a shell  of  silicates.  Silicic  acid  is  said  to  bo 
absent  from  the  ash  of  certain  fungi. 

But  it  would  not  appear  that  silicic  acid  plays  any 
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important  part  in  the  economy  of  the  higher  plants.  In 
favour  of  this  may  he  quoted  the  following  experiments  on 
the  graminacete,  which  are  rich  in  silicon,  as  wheat,  oats, 
maize,  barley.  When  these  plants  are  allowed  to  germinate 
in  nutrient  fluids  free  from  silicon,  so  that  they  can  only 
obtain  mere  traces  of  silicic  acid  from  the  glass  vessel  con- 
taining the  solution,  they  develop  completely,  and  pass  through 
a perfectly  normal  course  of  life.  In  the  ash  of  maize  grown 
in  this  way,  only  0'7  per  cent,  of  silicic  acid  was  found, 
whilst,  under  ordinary  conditions  of  growth,  20  per  cent,  is 
the  average  quantity.* 

Whether  silicon  exists  in  plants  only  in  the  form  of  silicic 
acid,  or  whether  it  forms  more  complex  compounds,  has  not 
been  ascertained.  Silicon  is  a tetr atomic  element,  like  carbon. 
Silicic  acid  is  quite  analogous  in  its  composition  to  carbonic 
acid.  Hence  a probability  that  silicon  could  form  numerous 
compounds  which  would  hear  the  same  relation  to  silicic  acid 
as  the  organic  compounds  do  to  carbonic  acid;  and,  as  a 
matter  of  fact,  Friedel  and  Ladenburg  f have  succeeded  in 
preparing  a series  of  such  compounds.  But  their  existence 
in  plants  has,  up  to  the  present  time,  not  been  made  out.  t 

Silicic  acid  is  taken  up  by  animals  in  the  form  of  vegetable 
food.  It  is  absorbed  by  the  alimentary  canal,  and  passes 
through  all  the  tissues,  hence  minute  traces  can  be  demon- 
strated in  every  organ.  It  is  contained,  in  considerable 
quantity,  in  the  urine  of  herbivorous  animals,  and  in  sheep 
sometimes  occasions  stone  in  the  bladder.  It  appears,  how- 
ever, only  to  he  of  importance  in  the  development  of- hairs 
and  feathers,  the  ash  of  which  is  always  rich  in  silicic  acid. 

* Sachs,  “Flora,”  p.  52:  1SG2 ; and  “Wochenblatt  der  Annalen  der  Land- 
wirthschaft,”  p.  184:  18G2. 

t C.  Friedel  and  A.  Ladenburg,  Campt.  rcnd.,  t.  lxvi.  p.  816:  1SG8;  and 
t.  lxviii.  p.  920:  18G9.  Bcr.  d,  deutsch,  ehern.  Ges.,  p.  901  : 1871;  and  pp.  319, 
1081  : 1872. 

X Ladenburg,  Bcr.  d.  deutsch,  ehern.  Ges.,  vol.  v.  p.  5G8  : 1872;  W.  Lange, 
ibid.,  vol.  xi.  p.  822  : 187S. 
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The  constant  presence  in  eggs  of  silicic  acid  points  to  its 
being  essential  in  the  development  of  birds. 

Fluorine  has  been  found  in  very  small  quantity  in  some 
plants  and  animals.  It  is  difficult  to  detect,*  and  it  may 
possibly  be  more  widely  existent  in  organic  nature  than  has 
been  suspected.  It  is  invariably  found  in  the  bones  and 
teeth  of  men  and  mammals,  although  we  have  not  yet  suc- 
ceeded in  ascertaining  the  exact  amount  by  our  present 
methods.  It  is  also  said  to  have  been  detected  in  the  blood 
of  mammals  and  of  birds. t Small  quantities  of  fluorine  are 

distributed  everywhere  in  the  earth,  in  the  form  of  fluorspar 
and  apatite;  therefore  plants  are  never  without  it.  It  acts 
perhaps  differently  in  the  nutrition  of  men  and  animals.  It 
would  be  very  interesting  to  have  the  exact  amount  of  fluorine 
in  our  food  determined,  and  also  the  quantity  we  really 
need  of  it.  At  any  rate,  the  above-mentioned  “ law  of  the 
minimum  ” holds  good  for  animal  as  well  as  for  vegetable 
growth.  It  is  conceivable  that  milk,  although  rich  in  the 
most  important  substances  of  nutrition,  might  yet  be  useless 
to  aid  the  growth  of  the  mammal,  for  want  of  the  necessary 
trace  of  fluorine. 

Bromine  and  iodine  are  present  in  many  kinds  of  seaweed, 
and  thus  pass  into  the  system  of  marine  animals.  Their  use 
is  not  known. 

Aluminium  is  one  of  the  elements  most  frequently  met 
with.  Its  sesquioxide,  alumina,  is  found,  united  with  silicic  acid, 
in  almost  all  crystalline  rocks  which  form  the  larger  portion 
of  the  great  mountain  ranges.  Mixed  with  the  products  of 
disintegration  of  these  rocks,  it  is  found  everywhere  in  ample 
quantity  in  the  soil.  It  is,  therefore,  very  remarkable  that 
alumina  has  scarcely  anything  to  do  with  the  nutrition  of  living 

* See  G.  Tammarm,  Zeitsehr.  f.  analyt.  Chem.,  vol.  xxiv.  p.  328  (1885), 
where  an  account  of  the  literature  on  the  methods  of  detecting  fluorine  will  also 
be  found. 

t G.  Wilson,  Trans,  nf  the  Brit.  Ass.  for  the  Adv.  of  Sei.,  p,  G7  : 1851  ; and 
J.  Nicies,  Oompt.  reml.,  t.  xliii.  p.  8S5  : 185(j. 
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beings.  It  lias  been  shown  positively  to  exist  in  any  notice- 
able quantity  only  in  a few  plants,  especially  in  a few  kinds 
of  lycopodium,  in  the  ash  of  which  it  amounts  to  over  57 
per  cent.  We  do  not  know  whether  it  is  essential  for  these 
kinds  of  plants,  nor  of  what  use  it  is  to  them ; no  experiments 
have  yet  been  made  to  decide  this  question.  Alumina  has  not 
yet  been  detected  in  the  animal  body. 

Manganese  is  found  in  considerable  quantity  in  the  ash  of 
a few  plants,  although  nothing  is  known  concerning  its  use  in 
life.  Traces  of  this  metal  are  found  all  through  the  vegetable 
kingdom,  and  occasionally  in  the  animal  body. 

Minute  traces  of  most  of  the  other  metals  are  occasionally 
found  in  plants  and  animals.  They  should  not  on  that 
account  be  considered  as  essential  constituents. 

The  presence  of  copper  in  certain  cephalopods  and  Crus- 
tacea is  noteworthy.  This  metal  appears  to  be  present  in 
the  form  of  an  organic  compound,  and  to  serve  as  oxygen- 
carrier,  thus  playing  a part  similar  to  that  of  iron  in  hzemo- 
globin.  The  blood  of  these  animals  is  blue,  but  changes 
colour  as  soon  as  the  oxygen  is  withdrawn  either  by  pumping, 
by  transmitting  a stream  of  other  gases,  or  by  the  action  of 
reducing  agents.  When  shaken  up  with  air,  the  blood  again 
becomes  blue.  The  latest  experiments  on  this  subject  were 
carried  out  by  Fredericq,*  whose  essay  also  contains  an 
account  of  the  work  done  by  his  predecessors. 

* Leon  Frede'ricq,  Bulletins  de  Vac.  roy.  de  Belgique,  ser.  ii.  t.  xlvi.  No.  11  : 
1878;  Compt.  rend.,  t.  lxxxvii.  p.  996  : 1878. 
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CONSERVATION  OF  ENERGY.* 

Most  intimately  connected  with  the  circulation  of  the  elements 
is  the  transmutation  of  force.  The  latter  is  not,  however, 
limited  to  this  earth ; it  streams  on  to  our  planet  with  the 
sunlight,  and,  having  run  its  course  through  plant  and  animal 
life,  streams  back  again  into  infinite  space. 

It  is  as  impossible  to  destroy  force  as  matter.  Force 
itself  cannot  be  directly  observed  and  pursued.  We  can  say 
nothing  more  definite  about  it  than  that  it  is  the  cause  of 
motion.  But  we  can  prove  that  motion  is  never  annihilated, 
for  whenever  motion  ceases,  its  cessation  is  only  apparent. 
The  movement  of  masses  of  matter,  visible  to  us,  has  either 
changed  into  a movement  of  the  smallest  particles  of  matter, 
of  the  atoms,  or  into  “latent  motion,”  into  so-called  “poten- 
tial energy,”  from  which,  at  any  time  under  appropriate 
conditions,  the  same  amount  of  motion  can  again  arise. 

If  a stone  fall  to  the  ground  and  remain  lying  there, 
motion  has  not  ceased.  The  place  on  the  ground  where  it 
fell,  and  the  stone  itself,  have  become  warmed,  and  heat  is 
well  known  to  be  a variety  of  motion.  If  a stone  is  thrown 
straight  up  in  the  air,  it  rises  with  decreasing  rapidity  and 
comes  at  last  to  rest.  At  that  moment  its  movement  is 

* Physiology  cannot  be  studied  to  any  advantage  without  a thorough  know- 
ledge of  the  law  concerning  the  conservation  of  energy,  which  can  only  be 
acquired  by  advanced  mathematical  and  physical  studies.  This  lecture  may 
serve  the  beginnor  who  has  hitherto  neglected  theso  subjects,  as  a slight  pre- 
liminary account. 
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latent,  and  is  stored  np  in  it  as  potential  energy.  By  virtue 
of  this  potential  energy  it  now  comes  down  again,  and 
reaches  the  ground  at  the  same  velocity  with  which  its  ascent 
began.  In  rising,  the  force  of  motion,  the  so-called  “kinetic 
energy,”  is  converted  into  potential  energy;  in  falling,  po- 
tential energy  is  changed  into  kinetic  energy.  The  conversion 
of  kinetic  energy  into  potential  energy  is  called  “work,”  and 
mechanics  teach  the  well-known  fact  that  work  is  measured 
by  the  product  of  the  weight  raised  with  the  height  of  the 
ascent,  and  that  it  is  always  the  same  as  the  kinetic  energy, 
which  is  measured  by  the  product  of  half  the  bulk  with  the 
square  of  the  velocity.  If  the  stone  that  is  thrown  up  he 
supported  at  the  moment  it  has  reached  the  highest  point 
and  comes  to  rest,  the  force  can  remain  stored  up  in  it  for 
an  unlimited  period.  But  as  soon  as  the  support  is  removed, 
potential  energy  is  again  converted  into  kinetic  energy ; it 
falls  with  increasing  rapidity,  and  reaches  the  ground  at  the 
same  speed  with  which  its  ascent  began.  Hence  none  of  the 
kinetic  energy  has  been  lost.  If  it  strikes  the  ground,  an 
amount  of  heat  is  generated,  which  under  appropriate  con- 
ditions— for  instance,  by  means  of  a steam-engine — would 
exactly  suffice  to  raise  the  stone  to  the  same  height  from 
which  it  fell.  Thus  no  force  is  lost  in  the  conversion  of  the 
kinetic  energy  of  moving  masses  into  the  kinetic  energy  of 
moving  atoms,  and  vice  versa.  As  is  well  known,  it  has  been 
proved  by  numerous  experiments  made  by  different  observers, 
and  conducted  upon  various  methods,  that  425  kilogram- 
meters  of  work  produce  one  unit  of  heat  (i.e.  the  amount  of 
heat  required  to  raise  the  temperature  of  one  kilogramme 
of  water  by  1°  C.),  and  that  the  unit  of  heat  exactly  suffices 
to  accomplish  work  equal  to  425  kilogrammeters. 

Let  us  imagine  a tube  to  be  laid  through  the  globe  and 
its  centre  of  gravity,  from  us  to  our  antipodes,  and  let  us 
further  imagine  a stone  brought  to  rest,  in  this  tube,  so  that 
the  centre  of  gravity  of  the  stone  coincides  with  the  centre 
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of  gravity  of  the  earth ; in  this  case  the  stone  would  remain 
motionless  and  free,  suspended  in  the  air.  But  if  the  stone, 
by  virtue  of  any  kinetic  energy,  were  raised  to  our  end  of 
the  tube,  a reserve  of  potential  energy  would  now  be  stored 
up  in  it,  by  means  of  which  the  stone,  as  soon  as  it  is  left  to 
itself,  returns  with  increasing  rapidity  to  the  middle  of  the 
tube.  At  the  moment  when  its  centre  of  gravity  coincides 
with  that  of  the  earth,  all  potential  energy  is  used  up  and 
converted  into  kinetic  energy,  and  it  has  attained  its  greatest 
velocity.  This  kinetic  energy  cannot  be  lost ; it  drives  the 
stone  further  on,  it  is  reconverted  into  potential  energy,  work 
is  accomplished,  the  stone  is  driven  to  the  other  end  of  the 
tube,  to  the  antipodes.  By  this  time  the  kinetic  energy  is 
used  up,  and  is  contained  in  the  stone  as  potential  energy, 
by  means  of  which  the  stone  again  falls  with  increasing  speed 
to  the  earth’s  centre  of  gravity,  and  rises  with  diminishing 
velocity  to  us.  And  if  the  tube  he  free  from  air,  the  stone 
must  thus  swing  backwards  and  forwards  to  all  eternity,  none 
of  its  movement  being  lost.  But  if  there  is  air  in  the  tube, 
a part  of  the  kinetic  energy  of  the  stone  will  be  continually 
given  over  to  the  individual  molecules  of  air  ; the  stone  will 
swing  backwards  and  forwards  at  constantly  decreasing  dis- 
tances from  the  centre  of  gravity,  where  it  finally  comes  to 
rest.  At  this  moment,  the  whole  kinetic  energy  of  the  stone’s 
moving  bulk  is  converted  into  the  kinetic  energy  of  moving 
molecules,  which  we  call  heat.  But  nothing  is  lost;  precisely 
as  many  units  of  heat  are  produced  as  correspond  to  the 
kilogrammeters  of  work  performed  by  the  rise  of  the  stone 
from  the  earth’s  centre  of  gravity  to  the  end  of  the  tube. 

The  same  principle  seen  in  this  imaginary  and  imprac- 
ticable experiment  may  be  observed,  only  in  a more  com- 
plicated form,  in  every  swinging  pendulum.  The  pendulum 
would  also  oscillate  to  all  eternity,  if  the  kinetic  energy  of 
the  moving  mass  were  not  converted  into  heat  by  the  friction 
at  the  point  of  attachment  and  with  the  air. 
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If  we  make  use  of  that  form  of  kinetic  energy  which  we 
call  the  electric  current,  to  split  up  a chemical  compound, 
(for  instance,  to  resolve  water  into  its  elements,  hydrogen  and 
oxygen),  a part  of  the  kinetic  energy  disappears,  hut  only 
apparently  so ; it  is  converted  into  that  form  of  latent  move- 
ment which  we  term  chemical  potential  energy,  and  which  is 
entirely  analogous  to  the  force  with  which  the  stone  falls 
when  raised.  Chemical  potential  energy  is  stored  up  in  the 
separated  atoms.  If  they  again  unite,  the  potential  energy 
they  contain  is  again  converted  into  kinetic  energy,  which 
appears  to  us  as  light  and  heat ; as,  for  instance,  when  a 
flame  is  produced  by  the  combination  of  oxygen  and  hydrogen. 
By  means  of  a thermopile,  the  heat  produced  might  be  re- 
converted into  electrical  movement,  which  would  be  found 
exactly  equal  to  the  amount  originally  required  to  split  up 
the  water.  Nothing  would  be  lost. 

We  thus  see  that  nature  possesses  a certain  store  of 
kinetic  energy,  which  can  in  no  way  he  either  increased  or 
diminished.  If  one  part  of  matter  comes  to  rest,  another 
part  is  set  in  motion.  Movement  of  masses  is  converted  into 
movement  of  molecules,  molecular  movement  into  movement 
of  masses ; kinetic  energy  into  potential  energy,  and  potential 
energy  into  kinetic  energy.  The  sum  total  of  all  potential 
energy  and  of  all  kinetic  energy  always  remains  the  same. 
This  law  is  called  the  Law  of  the  Conservation  of  Energy. 

All  movements  on  the  surface  of  the  earth  (with  the 
single  exception  of  the  tides,  which  are  connected  with  the 
rotation  of  the  earth  on  its  axis)  may  be  traced  back  to  one 
common  source,  to  the  sun’s  rays  of  light  and  heat.  The 
varying  degree  of  heat  of  the  different  layers  in  air  and 
water  is  the  cause  of  all  currents  of  sea  and  air,  the  storms 
and  winds.  Sailing  vessels  and  windmills  are  moved  by 
sunbeams.  By  using  up  the  kinetic  energy  of  the  sun’s  heat, 
vapour  arises  from  the  surface  of  water,  and  is  raised  to  the 
higher  layers  of  the  atmosphere.  If  the  vapour  is  condensed 
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in  the  colder  upper  regions,  tlie  kinetic  energy  of  the  waves 
of  ether  reappears  as  the  kinetic  energy  of  the  falling  rain- 
drops, or,  when  the  raindrops  collect,  as  the  kinetic  energy 
of  flowing  brooks  and  rivers.  It  is  sunlight  that  reappears 
in  the  sparks  from  the  millstone ; it  is  the  sun’s  heat  which 
issues  from  the  glowing  hammers  and  saws,  wheels,  axles, 
and  rollers  of  all  machines  set  in  motion  by  water. 

We  now  come  to  the  question  of  the  forms  of  energy 
and  motion  which  are  met  with  in  vital  processes.  We 
have  seen  that  the  plant  is  always  taking  up  carbonic  acid 
and  water,  separating  the  oxygen  from  these  compounds, 
and  thereby  forming  other  compounds  poorer  in  oxygen  and 
with  a great  affinity  for  oxygen.  There  is  thus  a large 
reserve  of  chemical  potential  energy  stored  up  in  the  plant. 
By  combustion  of  the  plant,  by  reunion  of  its  constituents 
with  oxygen,  we  can  convert  this  potential  energy  into  heat, 
and  the  heat,  by  means  of  steam-engines,  into  mechanical 
work.  Now,  what  is  the  source  of  this  chemical  potential 
energy  ? It  cannot  have  originated  from  nothing.  Force  is 
eternal.  But  no  potential  energy  is  conveyed  to  the  plant 
by  its  food.  Carbonic  acid  and  water  are  fully  oxidized 
compounds  ; they  cannot  produce  movement,  any  more  than 
the  stone  lying  on  the  ground.  Not  till  the  stone  is  raised 
by  the  employment  of  kinetic  energy,  can  it  fall  down ; and 
not  till  the  oxygen  is  separated  from  the  carbon  and  hydrogen 
in  the  plant,  by  the  employment  of  kinetic  energy,  can 
chemical  potential  energy  arise  in  it,  to  be  converted  into 
light  and  heat  and  mechanical  work.  The  force  which  effects 
the  separation  of  the  oxygen  in  the  plant  is,  again,  nothing 
but  sunlight.  We  know  that  the  plant  liberates  oxygen  only 
so  long  as  sunshine  reaches  it,  and  that  the  amount  of 
oxygen  set  free  varies  in  proportion  to  the  intensity  of  the 
light.  This  maintenance  of  the  proportion  was  proved  by 
Wolkoff  * by  the  following  simple  experiment. 

* Al.  von.  Wolkoff,  Jahrb.f,  wissen  sch.  Botanik.,  vol.  v.  p.  1 : 1866. 
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Wolkoff  counted  the  gas-bubbles  which  arose  from  water- 
plants  when  the  rays  of  the  sun,  conducted  through  a flat 
piece  of  ground  glass,  were  allowed  to  fall  upon  them.  The 
water-plants  were  in  a glass  vessel,  which  could  be  moved  to 
any  distance  from  the  light  as  required.  The  intensity  of 
the  light  is  well  known  to  be  in  inverse  proportion  to  the 
square  of  the  distance  from  the  point  of  light.  Wolkoff  found 
that  the  number  of  oxygen-bubbles  was  increased  and 
diminished  in  simple  proportion  to  the  intensity  of  the  light. 

Van  Tieghem  * obtained  the  same  result  when  he  tried 
the  experiment  with  artificial  light.  The  number  of  gas- 
bubbles  from  the  water-plants  diminished  as  the  square  of 
the  distance  from  the  candle. 

There  can  be,  therefore,  no  doubt  that  all  the  potential 
energy  of  vegetable  substances  is  converted  sunlight.  It 
is  sunlight  that  reappears  in  the  fire  of  burning  wood.  It  is 
sunlight  that  gives  us  light  in  the  form  of  gas-jets  and 
petroleum  flames.  The  gaslight  which  at  this  moment 
illuminates  us,  has  shone  on  our  earth  before,  millions  and 
millions  of  years  ago  ; it  has  lain  dormant  in  our  earth  for 
millions  of  years,  and  reappears  again  at  this  moment.  The 
whole  immense  store  of  force  which  lies  in  the  vast  coal 
strata,  which  sets  all  machines  and  locomotives  in  motion, 
is  only  the  fixed  kinetic  energy  of  sunlight  which  was  once 
shining  upon  the  luxuriant  vegetation  of  the  prehistoric 
world. 

The  substances  formed  by  plants  serve  as  food  for  animals. 
The  oxygen  which  is  liberated  from  the  water  and  carbonic 
acid  in  the  plant  by  the  kinetic  energy  of  sunlight,  is  in  the 
animal  body  again  united  with  compounds  that  are  deficient 
in  oxygen,  and  the  ultimate  products  of  this  combination  are 
again  given  off  as  carbonic  acid  and  water,  the  same  simple 
substances  which  serve  the  plant  as  food.  The  chemical 
potential  energy  of  nutrition  is  thus  used  up.  But,  as  no 
* Van  Tieghem,  Compt.  rencl.,  t.  lxix.  p.  482  : 186%. 
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force  can  perish,  we  must  expect  to  find  an  equivalent 
amount  of  other  forces  appearing  in  the  animal  body.  And, 
indeed,  we  know  that,  firstly,  all  animals  have  a temperature 
higher  than  that  of  their  surroundings,  that  they  are  thus 
continually  producing  heat ; and  that,  secondly,  they  carry 
out  movements,  or  perform  work. 

The  sum  of  the  work  executed  by  an  animal,  and  of  the 
heat  which  it  gives  out,  must  therefore  be  exactly  equivalent 
to  the  chemical  potential  energy  taken  up  in  nutrition,  and 
to  the  kinetic  energy  of  sunlight  used  up  in  the  production 
of  this  potential  energy  in  the  plant. 

The  difficulties  of  obtaining  precise  experimental  proof 
of  this  equivalence  are  very  great.  So  far  as  the  precision 
hitherto  attained  allows  us  ,to  judge,  direct  experiments  prove 
that  such  equivalence  does  exist ; that  the  amount  of  heat 
and  work  produced  by  an  animal,  expressed  in  units  of  heat, 
is  equal  to  the  amount  of  heat  generated  by  the  food-stuff  of 
the  animal  when  burnt  outside  the  organism. 

The  first  experiment  of  this  kind  was  carried  out  by 
Lavoisier*  as  early  as  the  year  1780.  The  object  was  to 
prove  that  combustion  is  the  sole  source  of  animal  heat. 
A guinea-pig  wTas  placed  in  an  ice-calorimeter,  and  the 
quantity  of  water  produced  in  ten  hours,  by  the  thawing  of 
the  ice,  was  measured.  It  amounted  to  341  *08  grms.  The 
same  guinea-pig  was  then  put  under  a bell-jar  over  mercury. 
A current  of  air  was  passed  through  the  bell-jar,  and  then 
conducted  through  caustic  potash,  which  retained  the  carbonic 
acid.  The  amount  of  the  latter  was  quantitively  determined. 
The  mean  of  several  experiments  showed  that  the  guinea- 
pig  in  ten  hours  gave  out  3‘333  grms.  of  carbon  in  the  form 
of  carbonic  acid.  Lavoisier  and  Laplace  had  previously,  by 
means  of  the  calorimeter,  determined  the  heat  of  combustion 
of  carbon,  and  found  that  3333  grms.  of  carbon  melted  326’75 

* Lavoisier  et  de  la  Place,  MCmoires  de  V Acad,  royale  des  Sciences,  p.  355  : 
annde  1780. 
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grins,  of  ice.  Were  Lavoisier’s  hypothesis,  that  animal-heat 
arises  from  the  combustion  of  the  carbon  in  the  food-stuffs, 
correct,  the  amount  of  heat  or  of  ice-water  found  in  the  above 
experiment  on  an  animal  would  necessarily  he  precisely  as 
great  as  in  the  combustion  of  the  carbon,  provided  the 
production  of  carbonic  acid  were  the  same  in  both  instances. 
As  a matter  of  fact,  it  was  found  thus — 


326-75 

341-08 


= 0-96 


It  was  a mere  chance  that  the  numbers  approximated  each 
other  so  closely.  Any  one  with  our  present  knowledge,  who 
criticized  the  experiment,  would  easily  discover  numerous 
sources  of  error.  Indeed,  its  chief  defects  did  not  escape 
Lavoisier’s  penetration.  He  had  already  discovered  that 
the  whole  of  the  oxygen  inspired  did  not  reappear  in  the 
carbonic  acid  exhaled,  and  he  therefore  assumed  that  the 
oxygen  which  had  disappeared  went  to  form  water.  Lavoisier 
had  further  observed  that  the  temperature  of  the  animal  in 
the  calorimeter  was  lower  at  the  conclusion  of  the  experiment 
than  at  the  commencement ; that  the  animal  therefore,  during 
the  progress  of  the  experiment,  partially  lost  its  heat,  which 
arose  from  combustion  that  took  place  before  the  experiment 
began,  and  which  did  not,  therefore,  correspond  to  the  amount 
of  carbonic  acid  exhaled  during  the  experiment.  For  both 
reasons,  the  quantity  of  water  produced  by  melting  must 
be  greater  than  what  would  correspond  to  the  carbonic  acid 
produced. 

The  necessity  for  a more  ex^,ct  repetition  of  Lavoisier’s 
experiments  was  soon  afterwards  recognized  by  the  French 
Academy;  and  in  1822  they  offered  a prize  on  the  subject 
of  the  source  of  animal -heat.  There  were  two  competitors, 
Despretz  and  Dulong.  The  prize  was  awarded  to  Despretz, 
and  his  work  appeared  in  the  year  1824.*  Dulong’s  work, 

* Despretz,  “ Recherches  experimentales  sur  les  causes  de  la  clialenr  animale : ” 
Paris,  1824  ; also  Ann.  de  chini.  et  de  phyg.,  t.  xxvi.  p.  337 : 1824. 
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•which  was  carried  out  on  the  same  principle,  was  not  printed 
till  after  his  death.* 

Both  experimenters  made  use  of  a water-calorimeter.  The 
animal  being  in  the  calorimeter,  atmospheric  air  was  passed 
from  one  gasometer  through  the  air-chamber  immediately 
around  the  animal,  and  collected  in  another  gasometer.  In 
this  way  the  quantity  of  the  oxygen  used  up,  and  carbonic 
acid  formed,  was  determined.  The  latter  did  not  correspond 
to  all  the  oxygen  consumed ; the  excess  of  oxygen  was  sup- 
posed to  have  united  with  hydrogen  to  form  water.  The  heat 
of  combustion  öf  hydrogen  and  carbon  was  calculated  from 
the  figures  given  by  Lavoisier  and  Laplace.  The  amount  of 
heat  estimated  in  this  way  was  compared  with  the  amount 
of  heat  produced  in  the  calorimeter.  Both  Despretz  and 
Dulong  found  the  amount  of  the  former  smaller  than  of  the 
latter.  In  the  experiments  of  Dulong,  the  number  calculated 
amounted  from  68’8  to  83'3  per  cent,  of  the  number  found ; 
in  those  of  Despretz,  from  74*0  to  90-4  per  cent. 

Among  the  numerous  sources  of  error  in  this  calculation, 
the  following  maybe  specially  noticed  : 1.  The  numbers  given 
by  Lavoisier  and  Laplace,  which  form  the  basis  of  the  com- 
parison, are,  as  subsequent  and  more  exact  investigation  has 
shown,  too  low.  2.  The  heat  of  combustion  of  the  food- 
stuffs is  not  equivalent  to  that  of  their  component  elements, 
but  a little  less,  since  a certain  amount  of  kinetic  energy  is 
used  up  in  the  decomposition  o’f  these  nutrient  materials. 
3.  The  quantity  of  carbonic  acid  in  the  expired  air  must  be 
too  small,  since  the  gas  in  the  gasometer  was  confined  over 
water,  which  would  absorb  some  of  the  carbonic  acid.  4. 
The  time  occupied  by  the  experiment  was  much  too  short ; it 
was  only  two  hours.  The  processes  of  combustion  and  the 
taking  up  of  oxygen  or  elimination  of  carbonic  acid  are  not 

* Dulong,  “Memoire  sur  la  chaleur  animale,”  Ann.  de  chim.  et  de  phys. 
se'r.  iii.  t.  i.  p.  410 : 1841.  See  also  “ llecherclies  eur  la  chaleur,  trouve'es  dans 
lea  papiers  de  M.  Dulong,”  Ann.  de  chim  et  de  phys.,  ser.  iii.  t.  viii.  p.  180 : 
1843. 
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proportional  in  every  short  interval;  only  during  longer 
periods  is  there  an  approximate  correspondence.  The  quan- 
tities of  oxygen  and  carbonic  acid,  and  of  the  intermediate 
products  of  combustion  contained  in  the  tissues  of  the 
body,  vary  greatly  at  different  times. 

At  a later  period  Gavarret*  calculated  the  numbers 
obtained  by  Dulong  and  Despretz,  and,  by  correcting  certain 
errors,  found  the  values  84'7  to  10D8  per  cent.,  as  a mean 
92'3  per  cent. ; instead  of  the  proportion  of  74*0  to  90’4  per 
cent.,  as  found  by  Dulong  and  Despretz. 

The  movements  of  the  animal  whilst  confined  in  the 
calorimeter  must  have  been  almost  entirely  converted  into 
heat  and  observed  as  such ; they  must  have  produced  heat 
by  the  mutual  friction  of  the  parts  moved,  by  the  rubbing 
of  the  animal  against  the  walls  of  its  cage,  and  by  the 
movements  of  the  water  in  the  calorimeter  thus  set  up. 

Exact  experiments  such  as  could  be  made  with  our 
modern  knowledge  and  modes  of  research  have  not  yet  been 
carried  out.  The  results  at  present  obtained  suffice  to  prove 
that  the  law  of  the  conservation  of  energy  rules  in  the  depart- 
ment of  animal  life.  The  temperature  of  our  body,  our  move- 
ments, all  our  vital  functions — so  far  as  they  are  perceptible 
to  our  senses — are  transmuted  sunlight. 

We  may  now  inquire  into  the  relation  borne  by  our 
psychical  processes  to  the  conservation  of  energy.  Are  all 
our  feelings,  emotions,  instincts,  ideas  only  converted  sun- 
light, or  must  we  assume  that  the  world  of  the  internal  sense 
does  not  obey  the  great  uniform  law  to  which  the  whole  world 
of  the  external  senses  yields  constant  and  unwavering  alle- 
giance ? 

It  is  beyond  doubt  that  there  is  a certain  causal  con- 
nection between  psychical  processes  and  certain  material 
forms  of  motion  in  our  bodies.  Sensation  is  excited  by  a 
process  of  movement  in  the  nervous  system.  A muscular 
* Gavarret,  “ Do  la  clialeur  produite  par  les  6trcs  vivants : ” 1855. 
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contraction  is  the  result  of  an  impulse  of  the  will.  But  the 
question  arises  as  to  the  nature  of  this  causal  connection. 
Is  it  really  a causal  connection  of  the  same  kind  as  the  law 
of  the  conservation  of  energy  demands,  that  proportion  should 
exist  between  cause  and  effect  ? Or  have  we  to  deal  with  other 
kinds  of  causal  connection  ? 

Above  all  things,  we  must  sharply  distinguish  between 
an  immediate  cause  and  an  ultimate  cause,  a distinction  so 
necessary  for  the  comprehension  of  physiological  processes 
that  I may  be  permitted  to  give  one  or  two  illustrations.  It 
is  usual  to  define  the  cutting  through  of  a string  by  which 
a weight  is  held  up,  as  the  cause  of  falling.  But  the  real 
cause  is  the  work  which  has  been  performed  in  raising  the 
weight.  This  is  proportional  to  the  kinetic  energy  of  the 
falling  weight.  If  the  lifting  is  effected  by  muscular  force, 
the  latter  owes  its  origin  to  the  chemical  potential  forces  of 
food,  which  were  originally  derived  from  the  kinetic  energy 
of  sunlight  in  the  plant.  If  the  falling  weight  strikes  the 
ground,  the  energy  of  sunlight  again  makes  its  appearance  as 
heat.  All  these  forces,  the  kinetic  energy  of  the  sunlight, 
the  chemical  potential  energy  of  food,  the  kinetic  energy  of 
muscular  movement,  the  potential  energy  of  the  lifted  weight, 
the  heat  produced  by  the  falling  weight,  etc.,  are  related  as 
cause  and  effect ; they  are  proportional  and  equivalent — the 
same  thing  appearing  in  different  shapes.  The  effect  is  the 
cause  itself  in  a changed  form.  Cutting  the  string  is  only 
the  immediate  or  exciting  cause,  the  impetus  which  starts  the 
conversion  of  cause  into  effect,  of  potential  into  kinetic  energy. 
Between  the  exciting  cause  or  " liberating  force,”  as  it  is  also 
called,  and  the  effect,  there  is  no  sort  of  proportion.  The 
weight  may  be  hung  up  by  a string,  and  the  latter  cut  through 
with  a razor,  or  the  same  weight  may  be  hung  up  by  a rope, 
and  the  latter  shot  through  by  a cannon-ball — the  kinetic 
energy  of  the  falling  stone  remains  the  same. 

The  movement  of  a locomotive  is  transmuted  heat ; the 
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beat  is  produced  by  chemical  potential  energy,  by  the  affinity 
of  the  fuel  for  oxygen ; the  chemical  potential  energy  is  the 
converted  energy  of  sunlight.  The  kinetic  energy  of  the 
moving  engine  is  completely  used  up  in  overcoming  friction. 
The  heat  which  causes  the  movement  of  the  locomotive 
appears  again  in  the  heated  rails,  wheels,  and  axles.  It  is 
the  same  heat  which,  as  the  heat  of  the  sun,  produced  the 
chemical  potential  energy  in  the  plant.  The  energy  of  the 
sunlight,  the  potential  energy  of  the  fuel,  the  heat  of 
the  furnace,  the  kinetic  energy  of  the  engine,  the  heat  pro- 
duced by  friction,  are  all  proportional  and  equivalent ; they 
are  identical.  The  flame,  which  was  used  to  light  the  fire  in 
the  furnace,  is  merely  the  exciting  cause  of  the  conversion  of 
chemical  energy  into  heat ; the  amount  of  heat  produced  is 
totally  independent  of  it.  A single  lucifer  match  may  set 
fire  to  one  pound  or  a thousand  pounds  of  wood,  or  even  to 
a whole  forest ; but  the  heat  produced  is  in  proportion  to  the 
amount  of  chemical  energy  used  up,  and  is  entirely  inde- 
pendent of  the  liberating  force. 

In  the  case  of  a rifle,  the  pulling  of  the  trigger  constitutes 
the  liberating  force  for  converting  the  potential  energy  of 
the  spring  into  the  kinetic  energy  of  the  falling  hammer. 
The  energy  of  the  hammer  is  converted  into  molecular  move- 
ment, which  again  acts  as  a liberating  force  in  causing  the 
explosion  of  the  percussion-cap ; this  explosion  acts  as  the 
exciting  cause  for  the  conversion  of  the  chemical  potential 
energy  of  the  powder  into  the  kinetic  energy  of  the  ball. 

In  addition  to  the  ultimate  cause,  and  the  exciting 
cause,  a third  factor  is  generally  required  in  the  production 
of  a definite  result,  which  I will  call  the  determining  factor. 
In  the  last  illustration,  the  determining  factor  for  the  pro- 
jection of  the  bullet  is  to  be  found  in  the  fact  that  the  latter 
is  contained  in  the  barrel  of  the  rifle,  and  thus  only  able  to 
pass  in  one  direction.  For  the  production  of  a definite 
movement,  a certain  arrangement  of  surrounding  objects  is 
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a necessary. determining  factor.  We  can  then  distinguish 
between  three  sorts  of  causes:  the  ultimate  cause,  the  exciting 
cause,  and  the  determining  cause. 

It  must  be  observed  that  in  certain  exceptional  cases 
there  is  a certain  proportion  between  the  effect  and  the 
exciting  cause.  A well-known  instance  of  this  is  seen  in  the 
drawing  up  of  a sluice.  The  work  performed  in  raising  it  is 
in  proportion  to  the  cross  section  of  the  falling  current  of 
water,  and  to  the  kinetic  energy  of  the  water.  Nevertheless, 
the  drawing  up  of  the  sluice  is  only  the  exciting  cause  which 
converts  the  potential  energy  of  the  quiescent  water  into  the 
kinetic  energy  of  water  in  motion. 

Similarly,  if  we  have  a number  of  weights  hung  up  by 
strings  of  uniform  size,  the  work  done  in  cutting  through  the 
strings  will  be  in  proportion  to  their  number,  and  conse- 
quently in  proportion  to  the  kinetic  energy  of  the  falling 
weights.  And  yet  the  cutting  is  only  the  exciting  cause. 

We  may  now  return  to  the  question  as  to  the  relation 
between  psychical  and  physical  processes. 

The  impulse  of  the  will  and  muscular  contraction 
certainly  do  not  stand  to  each  other  in  the  relation  of  cause 
and  effect  in  the  limited  sense.  The  impulse  of  the  will  is 
merely  the  exciting  cause.  The  ultimate  cause  is  the 
chemical  potential  energy  of  the  food  which  is  used  up  in 
the  muscle,  and  is  therefore  converted  sunlight.  But  the 
impulse  of  the  will  does  not  even  afford  the  direct  impetus 
for  the  conversion  of  chemical  energy  into  the  kinetic  energy 
of  muscle.  There  is  probably  a long  chain  of  causes,  such 
as  processes  in  the  brain,  nervous  system,  and  muscle, 
analogous  to  those  shown  to  exist  in  the  illustration  of 
the  rifle. 

The  question  as  to  the  nature  of  the  causal  connection 
between  stimulation  of  the  senses  and  the  sensations  them- 
selves, is  much  more  difficult  to  decide.  Hero  there  is 
undoubtedly  quantitative  proportion.  The  intensity  of  the 
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sensation  increases  with  the  strength  of  the  stimulation  ; but 
is  there  any  proportionate  relation  between  the  two  ? 

We  shall  not  be  able  to  decide  this  question,  so  long  as 
we  possess  no  means  of  measuring  the  intensity  of  sensations, 
or  of  any  other  psychical  conditions  and  processes ; in  the 
present  state  of  human  knowledge  and  of  human  intellect,  it 
appears  quite  inconceivable  that  such  means  should  ever  be 
discovered.*  We  are,  therefore,  unable  to  answer  the  question 
whether  the  manifestations  of  the  soul  follow  the  law  of  the 
conservation  of  force,  and  whether  they  are  transmuted  sun- 
light. 

I must  note  that  there  is  probably,  in  the  afferent  and 
central  organs,  a chain  of  processes  intervening  between 
stimulation  and  sensation,  as  there  is  between  will  and 
muscular  action.  We  are  quite  unable  to  decide  whether 
the  last  form  of  motion,  which  reaches  the  brain  as  the 
result  of  stimulation,  is  converted  into  Bensation,  or  only 
serves  as  an  impulse  originating  sensation,  possibly  from 
chemical  potential  energy.  It  is  conceivable  that  an  entirely 
new  and  particular  kind  of  causal  connection  may  be  at 
work  in  this  case. 

The  theory  has,  nevertheless,  often  been  advanced  that 
there  is  an  exhaustion  of  chemical  potential  energy,  of  food- 
substances,  corresponding  to  the  performance  of  psychical 
functions.  People  have  even  tried  to  prove  experimentally 
that  intellectual  exertion  has  an  influence  on  change  of 
tissue,  as  shown  by  the  amount  of  excretions.  All  these 
experiments  fail  on  account  of  the  impossibility  of  measuring 
intellectual  exertion,  of  even  deciding  whether  it  was  greater 

* Fechner  (“  Elemente  der  Psycliopliysik : ” Leipzig,  1SG0),  taking  Weber’s 
law  as  his  starting-point,  (viz.  that  the  increase  of  stimulation  must  grow  in 
proportion  to  the  stimulation  already  existing,  in  order  to  produce  a scarcely 
perceptible  increase  of  sensation),  arrives  at  the  conclusion  that  sensations  are 
proportionate  to  the  logarithm  of  the  stimulation.  Attention  has  frequently  been 
drawn  to  the  fact  that  the  assumed  equality  of  the  scarcely  perceptible  increases 
of  sensation,  upon  which  the  computation  is  founded,  is  purely  arbitrary.  This 
is  not  the  place  to  enter  more  fully  into  this  subject. 


CONSERVATION  OF  ENERGY. 


43 


or  less.  A man  who  shuts  himself  up  in  a dark  room,  with 
the  intention  of  keeping  his  mind  a blank,  may  involun- 
tarily exercise  it  more  than  if  he  w'ere  to  sit  down  to  his 
books  with  the  intention  of  exerting  all  his  intellectual 
faculties ; besides,  we  ought  to  take  into  consideration  the 
emotions,  which  probably  far  exceed  all  mental  exertions  in 
the  expenditure  of  energy,  and  which  we  cannot  call  into 
play  or  dismiss  at  will. 

We  must  consider,  moreover,  that  the  weight  of  the  brain 
is  less  than  2 per  cent,  of  the  weight  of  the  body,  and  that 
only  a portion  of  the  brain  is  employed  in  mental  func- 
tions. Even  if  the  metabolism  of  this  organ  were,  by  higher 
psychical  activity,  promoted  to  the  utmost,  we  could  not 
expect  to  recognize  this  fact  in  an  increase  of  the  total 
metabolism.  Even  if  it  could  be  distinguished,  we  should 
not  be  justified  in  concluding  that  the  work  of  the  mind 
wras  converted  potential  energy.  The  connection  might  be  an 
indirect  one. 

With  a knowledge  of  this  point  of  view,  the  beginner  will 
be  in  a position  to  peruse  critically  the  works*  that  have 
appeared  concerning  the  influence  of  mental  work  on  meta- 
bolism. 

In  recapitulating  the  main  features  of  our  previous 
remarks,  the  following  contrasts  strike  us  in  the  changes 
that  animal  and  vegetable  substances  undergo : — 

1.  The  plant  forms  organic  substances ; the  animal 
destroys  organic  substances.  The  vital  process  in  the  plant 
is  synthetic,  in  the  animal  analytic. 

2.  The  life  of  the  plant  is  a process  of  reduction ; the 
life  of  the  animal  a process  of  oxidation. 

3.  The  plant  uses  up  kinetic  energy  and  produces 

* Bcecker,  Beitr.  z.  Heilkunde : 1849 ; Hammond,  Amer.  Journal  of  Medical 
Sciences,  p.  330:  1856;  Sam.  Haughton,  Dublin  Quarterly  Journal  of  Medical 
Science,  p.  1 : I860 ; J.  W.  Patou,  Journal  of  Anatomy  and  Physiol.,  vol.  v.  p. 
290:  1871;  Licbermoiatcr,  Handb.  d.  Pathol,  u.  Therap.  des  Fiebers,  p.  190: 
Leipzig,  1875;  Speck,  Arch.  f.  cxper.  Path.  u.  Pharm.,  vol.  xv.  p.  81 : 1882. 
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potential  energy ; the  animal  uses  up  potential  energy  and 
produces  kinetic  energy. 

But  “nature  takes  no  leaps.”  In  morphology, no  definite 
demarcation  can  be  drawn  between  plants  and  animals ; in 
the  same  way,  the  contrast  between  them  disappears,  when 
we  examine  the  two  kingdoms  in  relation  to  the  conversion 
of  energy  and  metabolic  processes  which  they  exhibit. 

There  are  unicellular  beings,  without  chlorophyll,  such 
as  fungi  and  bacteria,  which  are  incapable  of  assimilating 
the  carbon  of  carbonic  acid.  It  must  be  brought  to  them 
as  an  organic  compound,  as  sugar,  tartaric  acid,  etc.  Here 
they  resemble  animals.  But  they  can  assimilate  nitrogen 
in  inorganic  compounds,  as  ammonia  and  nitric  acid;  here 
they  resemble  plants.  The  fungi  and  bacteria,  which  cause 
fermentation  and  processes  of  decomposition  (see  Lecture  X.), 
use  up  chemical  potential  energy  and  develop  kinetic  energy, 
heat  and  movement ; again  behaving  like  animals.  But  by 
synthesis  they  form  albumen  from  ammonia  and  sugar, 
thus  again  behaving  like  plants.  In  our  future  observations, 
we  shall  see  that  in  every  cell,  even  of  the  most  highly 
organized  animal,  synthetic  processes  occur  side  by  side  with 
processes  of  decomposition,  as  they  do  in  the  cells  of  plants. 
Within  the  rigid  cellulose-wall  of  every  vegetable  cell  is  a con- 
tractile protoplasmic  body  which  breathes  and  performs 
“active”  movements  like  every  animal.  In  every  part  of 
a plant,  oxygen  is  used  up  and  carbonic  acid  produced,  as 
in  every  animal ; only  that,  in  the  parts  of  the  plant  which 
have  chlorophyll,  this  process  of  oxidation  is  hidden  by  the 
more  powerful  process  of  reduction.  But  even  this  only 
takes  place  so  long  as  sunlight  shines  upon  those  particular 
parts.  In  the  dark,  the  parts  of  the  plant  containing 
chlorophyll  breathe  like  animals ; the  parts  without  chloro- 
phyll do  so  in  the  sunlight  as  well. 

The  contrast  disappears,  however,  still  more  completely 
in  certain  highly  organized  phanerogams,  so-called  para- 
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sites,  which  do  not  possess  chlorophyll,  and  which  derive  their 
nourishment  from  the  organic  substances  formed  by  other 
plants.  The  Monotropa,  for  instance,  is,  in  morphological 
structure,  a Pyrolacea,  but,  in  its  metabolism,  it  is  an 
animal. 

On  the  other  hand,  there  are  animals  which  contain 
chlorophyll.  Certain  worms  (Planarise)  and  Coelenteratae 
(Hydra  viridis)  have  chlorophyll-granules,  seek  sunlight,  and 
give  off  oxygen  in  the  light,  but  soon  die  if  kept  in  the 
dark.*  It  has,  however,  been  more  recently  shown  by  Geza 
Entz  t and  Karl  Brandt  t that  the  chlorophyll-granules  are 
not  free  in  the  tissues  of  the  above-mentioned  animals,  but 
are  enclosed  in  unicellular  algae,  which  live  in  these  animals 
as  “ symbionta.”  § But  the  chlorophyll-granules  in  plants 
may  be  likewise  only  symbionta.  So  far  it  is  certain  that 
they  never  arise  in  the  tissues  of  plants  in  any  other  way 
than  by  division  of  other  chlorophyll-granules  already 
there. ||  Besides  this,  Engelmann  IT  has  shown  that  certain 

* P.  Geddes,  Compt.  rend.,  t.  lxxxvii.  p.  1095:  1878;  and  Proc.  Roy.  Soc., 
vol.  xxviii.  p.  449  : 1879. 

f Geza  Eutz,  lieber  die  Natur  der  “ Chlorophyllkörperchen  ” niederer 
Tliicre,  Biolog.  Centralblatt,  vol.  i.  No.  21,  p.  646  : January  20,  1882. 

X Karl  Brandt,  Verb.  d.  physiol.  Gesellsch. : Berliu,  November  11,  1881; 
Biolog.  Centralblatt,  vol.  i.  No.  17,  p.  524 ; Arch.  f.  Anat.  u.  Physiol.,  p.  125  : 
1882 ; MUtheilungen  a.  d.  Zoolog.  Station  zu  Neapel.,  vol.  iv.  p.  191 : 1883. 

§ The  term  “ symbionta”  is  applied  to  those  parasites  which  do  no  harm  to 
their  hosts,  each  being  of  mutual  assistance  to  the  other.  A known  instance 
of  symbiosis  occurs  in  the  relationship  between  algm  and  fungi  in  the  thallus 
of  herpes  ( Flechtea  thallus),  discovered  by  Schwendener  (Nägeli’s  Beitr.  z. 
whsensch.  Bot.,  heft  ii.,  iii.,  and  iv. : Leipzig,  1860-68).  The  more  recent  discovery 
of  numerous  examples  of  symbiosis  is  undoubtedly  an  acquisition  of  the  greatest 
importance  in  every  branch  of  physiology.  The  name  “ Symbiosis  ” was  intro- 
duced by  De  Bary,  “ Die  Erscheinung  der  Symbiose,”  Vortrag,  Strasbourg : 
Trübner,  1879.  An  interesting  account  of  the  literature  of  this  subject  will  be 
found  in  O.  Hertwig’s  “ Die  Symbiose  oder  das  Genossenschaftsleben  im 
Thierroich,”  Vortrag  : Jona,  1883. 

||  Arthur  Meyer,  “ Das  Chlorophyllkorn,”  p.  55 : Leipzig,  1883 ; A.  F.  W. 
Schimper,  Jahrbücher  für  wisscnsch.  Botanik,  vol.  vi.  p.  188 : 1885.  An  account 
of  the  earlier  literature  of  the  subjeot  will  be  found  here. 

1 Th.  W.  Engelmann,  Pfliiger’s  Arch.,  vol.  xxxii.  p.  80  : 1883.  The  method 
employed  by  Engelmann  to  prove  tho  occurrence  of  oxygen,  was  peculiar.  It 
was  based  on  the  fact  that  certain  bncterin,  eager  for  oxygon,  swarm  round  tho 
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infusoria,  Vorticelke,  contain  chlorophyll  diffused  in  their 
plasma,  which  likewise  gives  off  oxygen  in  sunshine. 

It  follows  that  a complete  antithesis  between  interchange 
of  force  and  matter  in  animals  and  plants  does  not  exist ; * 
and  it  will  be  henceforward  impossible  to  separate  the 
physiological  chemistry  of  the  vegetable  from  that  of  the 
animal  world.  The  more  our  knowledge  of  each  section  of 
science  advances,  the  more  the  two  become  fused  together. 

cells  containing  chlorophyll.  Compare  the  earlier  and  highly  interesting  treatises 
of  Engelmann  in  Plliiger’s  Arch.,  vol.  xxv.  p.  285  : 1881 ; vol.  xxvi.  p.  537 : 
1881 ; vol.  xxvii.  p.  485  : 1882  ; and  vol.  xxx.  p.  95  : 1883. 

* Comp.  Cl.  Bernard,  “ Leijons  sur  les  phenomenes  de  la  vie,  communs  aux 
animaux  et  aux  ve'ge'taux  : ” Paris,  1878. 
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LECTURE  IV. 

HUMAN  NUTRITION — DEFINITION  AND  CLASSIFICATION  OF  FOOD-SUB- 
STANCES— ORGANIC  FOOD-STUFFS — ALBUMEN  AND  GELATIN. 

Our  observations  up  to  this  point  have  shown  us  that  the 
constituents  of  our  body  are  subject  to  a constant  circulation, 
to  uninterrupted  change.  The  materials  which  we  take  into 
our  body  to  replace  the  loss  which  is  always  going  on  in  this 
circulation,  are  called  food-substances.  This  is  the  defini- 
tion of  the  term  food-substances  which  is  still  met  "with  in 
most  text-books.  But  this  definition  is  incomplete ; it  does 
not  cover  the  whole  meaning  of  food-substance  ; it  dates 
from  the  time  before  the  law  of  the  conservation  of  energy 
was  discovered.  According  to  this  definition,  water  would  be 
the  most  important  food-stuff,  for  our  body  contains  63  per 
cent,  of  water,  which  is  constantly  being  given  off  by  the  -lungs, 
the  skin,  and  the  kidneys  ; and  this  loss  can  only  be  replaced 
by  the  introduction  of  a fresh  supply.  The  rudest  form  of 
empiricism,  untutored  common  sense,  is  opposed  to  this  in- 
terpretation, as  no  one  would  think  of  calling  water  “ nutri- 
tious.” Now,  why  is  water  not  nutritious  ? For  the  simple 
reason  that  no  potential  energy  is  conveyed  to  the  body  by 
water.  Water  is  a saturated  compound  ; it  as  little  produces 
movement  as  a stone  lying  on  the  ground.  The  stone  cannot 
fall  till  it  has  been  raised  from  the  ground  by  the  employ- 
ment of  kinetic  energy;  and  not  until  the  atoms  of  oxygen 
have  been  separated  from  the  atoms  of  hydrogen  and  car- 
bonic acid  by  the  kinetic  energy  of  sunlight,  is  the  plant 
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enabled  to  store  up  that  potential  energy  which  gives  rise  to 
all  the  forms  of  kinetic  energy  contributing  to  animal  life. 

We  shall,  therefore,  include  under  the  term  “food-stuffs  ” 
those  substances  which  are  a source  of  energy  in  the  body, 
as  well  as  those  which  replace  the  lost  constituents  of  the 
body.  There  are  substances  in  our  food  which  never  become 
integral  constituents  of  our  tissues,  but  which  go  to  form  a 
source  of  kinetic  energy.  To  these  belong  the  organic  acids 
so  widely  diffused  in  vegetable  food,  such  as  tartaric  acid, 
citric  acid,  and  malic  acid,  which  are  never  concerned  in  the 
formation  of  the  tissues,  but  are  burnt  up  to  form  carbonic 
acid  and  water,  with  the  liberation  of  kinetic  energy,  which 
might  be  used  for  the  performance  of  normal  functions.  To 
these  we  may  perhaps  add  the  carbohydrates,  which  like- 
wise do  not  appear  to  be  employed  in  the  building-up  of 
tissues,  although  we  know  for  a fact  that  they  are  the  prin- 
cipal source  of  muscular  work.  Hence  they  are  always 
circulating  through  all  the  organs  of  the  body  in  the  plasma 
of  blood  and  lymph.  They  are,  indeed,  also  found  deposited 
in  the  tissues  in  the  form  of  glycogen,  but  these  deposits 
cannot  be  regarded  as  integral  constituents  of  the  living 
tissues  ; they  are  only  stores  of  potential  energy  which  dis- 
appear during  muscular  work ; they  are  as  little  parts  of 
our  organism  as  coal  is  a part  of  the  steam-engine.  The 
gelatin-yielding  substances  in  our  food,  glutin,  chondrin, 
ossein,  likewise  serve  only  as  sources  of  energy,  and  never 
assist  in  repairing  the  waste  of  tissue.  The  collaginous  sub- 
stances of  our  tissues  are  not  formed  from  the  collaginous, 
but  from  the  proteid  constituents  of  food.  But  the  gelatins 
in  food  are,  as  a matter  of  fact,  split  up  and  oxidized ; they 
produce  kinetic  energy. 

Inspired  oxygen  must  also  be  reckoned  among  the  food- 
stuffs. It  is  the  only  one  which  enters  our  tissues  as  a free 
element.  It  never  becomes  an  integral  constituent  of  our 
tissues,  unless  the  loosely  combined  oxygen  in  the  oxyhanno- 
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globin  of  the  blood-corpuscles  raay  be  considered  so,  but  it 
is  the  most  productive  source  of  energy. 

We  have,  therefore,  to  distinguish  three  classes  of  food- 
substances  : 

1.  Those  which  serve  as  sources  of  energy,  and  which 
can  replace  the  exhausted  constituents  of  the  body.  To  this 
class  belong  proteids  and  fats. 

2.  Those  which  serve  only  as  sources  of  energy.  To  this 
class  belong  carbohydrates,  gelatins,  oxygen. 

3.  Those  which  serve  only  to  repair  the  waste  of  tissue, 
and  not  as  sources  of  energy.  To  this  class  belong  water 
and  the  inorganic  salts. 

Our  knowledge  is  at  present  too  limited  to  permit  of  our 
giving  a satisfactory  and  sharply  defined  classification  of 
food-stuffs. 

When  a substance  is  split  up  and  oxidized  in  our  body, 
we  do  not  know  whether  the  kinetic  energy  hereby  set  free 
is  really  used  up  in  the  performance  of  normal  functions,  or 
whether  it  is  given  out  as  superfluous  heat.  In  the  latter 
case,  the  substance  could  not  be  regarded  as  a nutrient 
material,  as  it  would  be  of  no  possible  service  to  our  or- 
ganism. Alcohol  may  perhaps  be  cited  as  an  example  of 
this.  In  order  to  be  of  use  in  the  performance  of  a normal 
function,  a substance  must  split  up  and  be  consumed  at  the 
right  time,  at  the  right  place,  in  a definite  tissue.  But  we 
are  not  yet  in  a position  to  follow  out  the  course  of  the  sub- 
stances taken  up,  so  closely  as  this. 

It  must,  moreover,  be  borne  in  mind  that  certain  sub- 
stances, belonging  to  the  second  division,  may  indirectly 
assist  in  the  building-up  of  cells,  by  protecting  the  sub- 
stances of  the  first  class  from  decomposition  and  oxidation. 
Fats  sometimes  come  under  the  first,  and  sometimes  under 
the  second  heading ; for,  besides  serving  as  stores  of  energy 
th  the  tissues,  they  are  of  great  use  in  another  way.  The 
carbohydrates  have,  as  we  shall  see,  the  power  of  changing 
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into  fats  in  the  animal  body,  thus  coming  into  the  first 
instead  of  the  second  class.  In  short,  the  division  is  merely 
provisional. 

We  will  now  consider  the  separate  groups  of  food-stuffs 
in  somewhat  greater  detail,  beginning  with  proteids. 

Proteids  may  be  regarded  as  the  most  important  food- 
stuffs, in  so  far  as  they  are  the  only  organic  food-substances 
of  which  it  can  with  certainty  be  affirmed  that  they  are 
indispensable,  and  that  they  cannot  he  replaced  by  any 
other  nutrient  material.  They  are  to  he  found  in  every 
animal  and  vegetable  tissue;  they  form  the  chief  part  of 
every  cell ; they  are  never  absent  from  any  vegetable  or 
animal  food. 

The  various  kinds  of  albumen  which  occur  in  the  different 
animal  and  vegetable  tissues  offer  great  differences  in  their 
chemical  and  physical  properties.  The  question  is,  therefore, 
what  is  included  under  the  name  of  proteid  ? Does  it  corre- 
spond to  a clearly  defined  group  of  bodies  ? What  have  all 
varieties  of  proteid  in  common,  and  what  distinguishes  them 
from  all  other  organic  substances  ? 

First,  all  proteids  resemble  one  another  in  being  com- 
posed of  the  same  five  elements,  in  proportions  of  weight  not 
very  remote  from  each  other,  and  which  vary  within  the 
following  limits,  according  to  the  analyses  hitherto  made  of 
the  different  kinds  of  albumen  : — 


Carbon  . . 
Hydrogen 
Nitrogen 
Sulphur  . . 
Oxygen  . . 


50‘0  to  55  0 per  cent. 
6G  „ 73  „ 

15  0 „ 19-0 
0 3 „ 24 
19-0  „ 24-0 


Secondly,  all  proteids  are  alike  in  never  occurring  in  true 
solution.  Numerous  clear  liquids,  containing  proteids,  are 
found  in  plants  and  animals,  or  may  be  artificially  produced. 
But  the  fact  that  the  proteid  does  not  diffuse  through  animal 
membranes,  proves  that  it  is  not  really  dissolved  in  these 
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liquids.  The  substances  that  are  thus  only  apparently  soluble 
have  been  termed  “ colloids  ” by  Graham.* * * § 

If  a solution  of  sodium  silicate  be  poured  into  a vessel 
containing  a large  excess  of  dilute  hydrochloric  acid,  the 
silicic  acid  thus  set  free  remains  apparently  dissolved.  By 
dialysis,  the  sodium  chloride  thus  formed  and  the  excess 
hydrochloric  acid  may  be  got  rid  of,  when  a clear  solution 
of  pure  silicic  acid  will  remain  in  the  dialyser.  The  silicic 
acid  may  amount  to  14  per  cent,  of  the  solution  without 
its  becoming  thick  and  turbid  ; it  is  readily  poured  out.  But 
a few  bubbles  of  carbonic  acid  passed  through  this  solution 
suffice  to  coagulate  the  silicic  acid,  which  separates  out  as 
a gelatinous  mass.*f*  Grimaux  % prepared  a 2‘26  per  cent, 
solution  of  silicic  acid,  which  was  more  stable,  and  which  did 
not  clot  either  in  cold  or  upon  warming,  when  carbonic  acid 
was  passed  through,  but  did  so  when  heated  after  the  addition 
of  common  salt  or  of  Glauber’s  salt. 

The  hydrate  of  alumina  is  soluble  in  a watery  solution 
of  aluminium  sesquichloride.  If  such  a solution  be  placed 
in  the  dialyser,  the  chloride  diffuses  out,  and  the  solution 
of  pure  alumina  remains  in  the  dialyser  as  a clear,  readily 
transferable  fluid.  This  solution  coagulates  as  soon  as  a 
small  quantity  of  any  salt  is  added.  A 2 or  3 per  cent, 
solution  of  alumina  can  be  made  to  clot  by  the  addition  of 
a few  drops  of  spring  water ; it  coagulates  when  poured 
from  one  glass  into  another,  unless  the  glass  has,  immediately 
before,  been  washed  out  with  distilled  water.  § 

In  a similar  way  as  with  the  alumina,  oxide  of  iron  may 
be  obtained  as  a clear  blood-red  apparent  solution  which  is 
also  very  prone  to  coagulate.  || 

Grimaux  found  that  an  ammoniacal  solution  of  oxide  of 


* Th.  Graham,  Philosoph.  Trans.,  vol.  cli.  part  i.  p.  183:  1861. 

t Graham,  loc.  cit.,  p.  204. 

t Grimaux,  Compl.  rend.,  part  xcviii.  p.  1437 : 1881. 

§ Graham,  ho.  cit.,  p.  207.  ||  Graham,  loc.  cit.,  p.  208. 
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copper  also  behaves  like  a colloidal  substance,  that  it  does 
not  diffuse,  and  that  it  coagulates  on  dilution  with  water, 
on  the  addition  of  magnesium  sulphate  or  of  dilute  acetic 
acid,  or  when  exposed  to  a temperature  of  from  40°  to 
50°  C * 

Many  organic,  as  well  as  these  inorganic  colloidal  sub- 
stances, and  all  proteids,  have  the  property  of  appearing  in 
two  forms,  in  apparent  solution  or  in  a coagulated  form. 
The  conditions,  under  which  the  albumens  pass  from  one 
modification  to  the  other,  are  very  varying,  and  offer  a 
method  of  classifying  and  distinguishing  the  many  different 
kinds  of  proteid.f  Some  of  them  may,  under  appropriate 
conditions,  be  kept  in  solution  by  water  alone ; to  these 
proteids  belong  serum-albumen  and  egg-albumen.  Other 
kinds  of  proteid  require  the  addition  of  alkaline  chlorides 
in  order  to  dissolve  them ; such  are  the  globulins  which 
are  found  in  the  blood,  in  muscle,  in  the  yolk  of  egg,  and 
probably  in  the  protoplasm  of  every  cell.  If  blood-serum 
be  put  in  a dialyser,  the  salts  which  hold  the  serum-globulins 
in  solution  diffuse  out,  and  the  globulins  separate  on  the 
dialyser  as  finely  flocculent  coagula,  but  the  serum  albumen 
remains  dissolved  in  the  pure  water 4 There  are  other 

varieties  of  albumen  which  cannot  be  held  in  solution  by 
alkaline  chlorides,  but  only  by  basic  alkaline  salts,  in  which 
case  saturation  of  the  alkalies  with  acids  causes  coagulation. 
The  casein  of  milk  and  the  artificial  alkali-albumens  belong 
to  this  category.  Lastly,  we  come  to  the  proteids  which 

* Grimaux,  loo.  cit.,  p.  1435. 

f A complete  enumeration  of  all  kinds  of  albumen  and  their  distinguishing 
reactions  would,  I fear,  weary  the  beginner,  so  I will  refer  him  to  the  article 
“ Ei  weisskörper  ” (Proteids),  in  Ladenburg’s  Handwörterbuch  der  Chemie.  In 
this  article  E.  Drechsel  has  given  a very  complete  description  and  classification  of 
the  varieties  of  albumen,  with  a careful  account  of  the  literature  of  the  subject 
(249  treatises). 

t Aronstein,  “ Ueber  die  Darstellung  salzfreier  Albuminlösungen,”  Dissert.  : 
Dorpat,  1873  ; and  Pfliiger’s  Arch.,  vol.  viii.  p.  75 : 1S73.  See  also  A.  E.  Biirck- 
hardt,  Arch.  f.  exper.  Path.  u.  Pharm,,  vol.  xvi.  p.  322  : 1883 ; and  G.  Kauder 
ibid. , vol.  xx.  p.  411 : 1886. 
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are  so  prone  to  coagulate,  that  they  do  so  as  soon  as  life 
is  extinct  in  the  tissues  to  which  they  belong.  The  coagu- 
lation of  the  blood  and  the  phenomenon  of  muscular  rigidity 
after  death  are  connected  with  this  fact.  It  even  appears 
that  these  kinds  of  spontaneously  coagulable  albumen  exist 
in  every  animal  and  vegetable  cell.  All  proteids,  without 
exception,  pass  from  the  soluble  into  the  coagulated  modifica- 
tion by  exposure  to  the  boiling-point,  provided  they  have  a 
neutral  or  weakly  acid  reaction,  and  if  neutral  alkaline  salts 
be  present  in  considerable  quantities.  Silicic  acid  and  many 
other  colloids,  as  already  stated,  act  in  the  same  manner. 

Concerning  the  inorganic  colloidal  substances,  we  know 
that  besides  occurring  in  these  two  modifications,  they  also 
appear  in  nature  in  a third,  viz.  the  crystalline  form : 
silicic  acid  as  rock-crystal,  alumina  as  corundum  and  ruby, 
oxide  of  iron  as  specular  iron  ore. 

This  fact  justifies  us  in  hoping  to  obtain  proteids  likewise 
in  a crystalline  state.  Not  until  we  succeed  in  so  doing, 
shall  we  be  in  a position  to  determine  their  chemical  indi- 
viduality, and  to  ascertain  and  compare  their  composition. 
The  analysis  and  examination  of  pure  proteid  crystals  and 
of  all  their  products  of  decomposition,  would  form  the  key-note 
of  physiological  chemistry. 

Histologists  have  long  been  on  the  track  of  crystalline 
albumen.  Under  the  microscope  may  be  seen  embedded  in 
the  seeds  and  glands  of  certain  plants,  little  granules  which 
have  the  appearance  of  incompletely  formed  crystals,  and  are 
therefore  termed  crystalloids,  or  aleuron-crystals.  Similar 
structures  may  be  seen  in  the  yolk  of  egg  of  many  animals, 
the  so-called  yolk-plates.  By  mechanical  means,  such  as 
shaking  the  finely  ^chopped  materials  with  ether  and  other 
liquids,  by  washing,  filtering,  etc.,  these  crystalloids  may 
he  isolated  and  obtained  in  considerable  quantities.  They 
give  albuminous  reactions,  which  prove  them  to  belong  to 
the  above-mentioned  group  of  globulins : they  are  soluble  in 
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a solution  of  common  salt.*  Maschke  f lias  succeeded  in 
recrystallizing  the  crystalloids  of  the  para  nut  ( Bertholletia 
excelsa).  They  dissolved  in  water  at  from  40°  to  50°  C.,  and 
the  albumen  separated  out  into  crystals  upon  concentration 
of  the  solution.  Schmiedeberg  t obtained  crystalline  com- 
binations of  the  same  proteid  with  alkaline  earths,  the 
crystalloids  being  mostly  soluble  in  distilled  water  at  from 
30s  to  35°  C.  When  a stream  of  carbonic  acid  is  passed 
through  the  clear  filtered  solution,  globulin  is  precipitated. 
If  this  precipitate  is  treated  with  magnesia  and  water,  the 
magnesia  compound  of  the  globulin  is  dissolved.  From 
this  solution,  when  concentrated  at  from  30°  to  35°  C.,  the 
magnesia  compound  of  the  globulin  is  separated  out  as 
well-formed  peculiarly  glistening  polyhedral  crystals,  of  the 
size  of  poppy-seeds.  If  a little  calcium  chloride  or  barium 
chloride  he  added  to  the  solution  before  concentration,  we 
obtain  the  calcium  and  barium  salts  of  the  globulin  in  fine 
crystals. 

The  fact  that  these  crystals  are  not  free  albumen,  hut 
compounds  of  proteid  with  substances  of  known  atomic 
weight,  enables  us,  greatly  to  our  advantage,  to  make  an 
exact  analysis  of  this  combination,  and  thus  determine  the 
molecular  weight  of  the  albumen. 

Drechsel§  found  1*40  per  cent.  MgO  in  the  crystals  of 
the  magnesia  compound,  which  he  obtained  according  to 
Schmiedeberg’s  method,  drying  them  at  110°  C.  From  this, 
the  molecular  weight  of  the  albumen  has  been  reckoned : 


x 

40 


100  - 1-40 
1-4 


a;  = 2817. 


By  the  following  alteration  in  Schmiedeberg’s  method,  Drech- 


* Th.  Weyl.  Zeitschr.  f.  physiol.  Ghem.,  vol.  i.  p.  81 : 1877;  coutaiuing  also  an 
account  of  the  earlier  literature  of  the  subject, 
t O.  Maschke,  Botan.  Zeitg.,  p.  44]  : 1859. 

t O.  Schmiedeberg,  Zeitschr.  f.  physiol.  Chem.,  vol.  i.  p.  205  : 1877. 

§ E.  Dreclisel,  Journ.  f.  praht.  Chem.  N.  F.,  vol.  xix.  p.  331 : 1879. 
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sei  succeeded  in  more  perfectly  crystallizing  the  magnesium 
compound.  Instead  of  concentrating  the  solution,  he  intro- 
duced it  into  a dialyser,  which  he  placed  in  absolute  alcohol. 
In  proportion  as  the  alcohol  took  the  place  of  the  water, 
crystalline  granules  continued  separating  out  of  the  solution. 
The  determination  of  the  magnesia  in  the  crystals  dried  at 
110°  C.  gave  1‘43  per  cent.  MgO,  or  nearly  the  same  as  in 
the  first  preparation.  The  molecular  weight  of  the  proteid 
thus  calculated  is  2757.  On  the  other  hand,  the  amount  of 
water  varied  in  each  preparation,  the  first  yielding  7'7  per 
cent.,  the  second  13'8  per  cent,  of  water,  both  at  110°  C. 

By  a similar  method,  with  the  alcohol  dialyser,  Drechsel 
succeeded  iu  producing  a sodium  compound  of  the  same 
globulin.  At  110°  C.  this  yielded  15'5  per  cent,  of  water, 
and  contained  in  a dry  state  3'98  per  cent.  Na20.  From 
this  the  albumen  molecule  is  found  to  be  equal  to  1496,  or 
nearly  half  as  great  as  in  the  calculation  from  the  magnesium 
compound.  If  the  smaller  molecular]  weight  be  accepted,  we 
must  conceive  that  a bi-valent  atom  of  magnesium  links  two 
molecules  of  albumen.  If  we  accept  the  double  weight,  the 
molecule  must  contain  two  hydrogen  atoms,  which  are  replaced 
by  sodium  atoms.  The  amount  of  incinerated  albumen  was 
much  too  small  to  allow  of  an  exact  estimate  of  the  molecular 
weight.  The  absolute  amount  of  the  MgO  weighed  CP0050 
and  (P0065  grm. ; that  of  the  Na2C03  weighed  (P0773  grm. 
It  would  be  of  great  interest  to  determine  with  accuracy  the 
relation  of  sulphur  to  sodium  by  a series  of  careful  analyses, 
in  which  large  quantities  of  albumen  were  incinerated.  Sup- 
posing that  no  whole  number  of  sulphur  atoms  went  to  one 
atom  of  sodium,  but  a whole  number  and  a fraction,  then 
the  denominator  of  the  fraction  would  have  to  be  multiplied 
by  the  equivalent  of  the  albumen  molecule,  calculated  from 
the  proportion  of  sodium.  No  one  has  hitherto  been  found 
to  undertake  such  a troublesome  experiment,  and  wo  there- 
fore know  nothing  concerning  the  size  of  proteid-molecules. 
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The  most  thorough  investigations  upon  proteid-crystals 
have  been  carried  out  by  G.  Grübler,*  under  Drechsel’s 
guidance.  They  succeeded  in  recrystallizing  the  crystalloids 
of  pumpkin-seeds,  by  preparing  at  40°  C.  saturated  solutions 
of  globulin  in  salt  solutions,  such  as  sodium  chloride,  ammo- 
nium chloride,  magnesium  sulphate,  from  which  the  albumen 
separated  out  in  crystals  on  very  slow  cooling.  These  crys- 
tals were  regular  octahedra,  and  when  incinerated  left  only 
O'll  to  0‘18  per  cent,  of  ash,  which  consisted  of  alkalies, 
lime,  magnesia,  iron,  and  phosphoric  acid.  When  incine- 
rated with  potash,  0’23  per  cent.  P205  was  obtained. 

The  elementary  analysis  of  Grübler’s  proteid-crystals 
gave  the  following  mean,  obtained  from  a series  of  analyses 
which  agreed  well  with  each  other  : — 


Proteid-crystals  from 
sodium  chloride 
solution. 

Proteid-crystals  from 
ammonium  chloride 
solution. 

Proteid-crystals  from 
magnesium  sulphate 
solution. 

Carbon 

53-21 

53-55 

53-29 

Hydrogen  . . 

7-22 

7-31 

6-99 

Nitrogen  . . 

19-22 

19-17 

1S-99 

Sulphur 

1-07 

1-16 

M3 

Oxygen 

19-10 

18-70 

19-47 

Ash . . 

0-18 

on 

0-13 

Grübler  has  also  produced  a crystalline  combination  of  the 
same  proteid  with  magnesia : the  crystals  separating  out  on 
slow  cooling  of  a solution  (obtained  at  40°  C.)  of  albumen 
and  magnesia  in  water.  The  crystals  showed  the  following 
composition : — 


Carbon . . 

1 

Dry  matter. 

. . 52-60  . . 

Matter  free  from  ash. 

. . 52-98 

Hydrogen 

. . 7-20  . . 

. . 7-25 

Nitrogen 

..  18-92  .. 

. . 18-99 

Sulphur 

. . 0-96  . . 

. . 0*97 

Oxygen 

. . 19-7-1  . . 

. . 19-81 

Ash 

. . 0-52 

MgO  . . 

t • 

. . 0-45 

* G.  Grübler,  “ Ueber  ein  krystallinisches  Eiweiss  der  Kürbissameu,”  Jour», 
f.  pralct.  Chem.,  vol.  xxiii.  p.  97 : 1881. 
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The  following  formula  for  the  magnesium  compound  of 
globulin  may  be  made  out  from  the  percentage  composi- 
tion : — 


It  is  to  he  regretted,  in  this  analysis,  that  the  quantity  of 
incinerated  albumen  was  again  far  too  small  for  an  exact 
estimate  of  the  magnesium  and  sulphur.  The  absolute 
weight  of  the  barium  sulphate  was  0‘0521  grm.,  that  of  the 
pyrophosphate  of  magnesia  0'0166  grm. 

If  we  assume  the  presence  of  only  one  atom  of  magnesium 
in  the  magnesium  compound,  as  Grübler  did  in  his  computa- 
tion, then  the  size  of  the  molecule  would  be  8848.  But  our 
calculation  shows  that  for  each  atom  of  magnesium  we  must 
claim  2|  atoms  of  sulphur. 


The  molecule  of  the  magnesium  compound  must  therefore  be 
taken  as  three  times  larger.  It  is  conceivable  that  the  three 
bi-valent  magnesium  atoms  may  link  four  albumen  molecules, 
and  that  only  two  atoms  of  sulphur  are  contained  in  each. 
Every  albumen  molecule  would  then  have  the  following  com- 
position : — 


From  this  point  of  view,  we  attain  to  the  smallest  molecular 
weight  of  which  analysis  admits.  But  this  supposition  is 
quite  arbitrary,  and  the  molecular  weight  probably  a multiple 
of  that  calculated. 

Pütthausen,*  adopting  the  method  of  Drechsel  and  Grübler, 
produced  crystalline  proteid  from  hemp  and  castor-oil  seeds. 
The  elementary  analysis  gave  the  following  percentage  com- 
position : — 


C'mo7"Il92()N36o0332  S8Mg3. 


^-32  0-96. 


40  0-45’ 


* Ritthausen,  Journ.  f.  pmld.  Chem.  N.  F.,  vol.  xxv.  p.  130  : 1882. 
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Globulin  from  Globulin  from 

hempseed.  castor-oil  seed. 


Carbon 

. . 50-92  . . 

. . 50-85 

Hydrogen 

..  6-91  .. 

. . 6-97 

Nitrogen 

..  18-71  .. 

. . 18-55 

Sulphur 

. . 0-82  . . 

. . 0-77 

Ash  . . 

..  0-11  .. 

. . 0-057 

Oxygen 

. . 22-53  . . 

. . 22-80 

Haemoglobin,  the  red  colouring- matter  of  the  blood,  also 
belongs  to  the  proteid  compounds  capable  of  crystallization. 
This  substance  forms  the  chief  constituent  of  the  red  blood- 
corpuscles,  and  is  the  compound  of  a proteid  with  a body  of 
known  composition  containing  iron,  called  haematin.  An 
exact  analysis  of  completely  pure  haemoglobin  crystals  has 
been  carried  out  by  Zinoffsky,*  who  went  on  recrystallizing 
the  haemoglobin  crystals,  obtained  from  horse’s  blood,  until 
the  dry  residue  of  the  solution  showed  the  same  amount  of 
iron  as  the  dry  crystals.  The  elementary  analysis  of  these 
crystals  yielded  the  following  results  : — 


Carbon  ..  ..  ..  ..  ..  ..  51-15 

Hydrogen  . . . . . . . . . . 6-76 

Nitrogen..  ..  ..  ..  ..  ..  17-94 

Sulphur  . . . . . . . . . . . . 0-3S9 

Iron  . . . . . . . . . . . . 0-336 

Oxygen 23-425 


The  relation  of  the  sulphur  atom  to  the  iron  atom  may, 
from  Zinoffsky’s  analysis,  be  calculated  thus  : 

— _ 013890  x _ 2.0g> 

56  0-3358 

Exactly  two  atoms  of  sulphur  combine  with  one  atom  of  iron, 
and  the  formula  of  the  haBmoglobin  is  found  to  be — 

C712H1130N2i4  02«FeS2. 

If  the  molecule  of  the  haematin,  C^^N^Fe,  be  subtracted, 
the  formula  of  the  proteid  is  obtained  : 

CssoHioggN  211)  SaOiüi . 

* O.  Zinoffsky,  “ Ueber  die  Grösse  des  Hämoglobinmoleküls,”  Dissert. : 
Dorpat,  1885;  reprinted  in  the  Zeitschr.  /.  physiol.  Chern.,  vol.  x.  p.  16:  1S85. 
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A.  Jaquet  * found  that  exactly  three  atoms  of  sulphur  go  to 
one  atom  of  iron,  in  the  htemoglobin  of  dog’s  blood.  The 
analysis  gave  the  formula  : 

C758H1203N 195S3F  eO  218* 


After  subtraction  of  the  hsematin,  it  is  : 


The  calculation  is  not  quite  exact,  because  the  splitting  up  of 
the  haemoglobin  into  albumen  and  haematin  only  occurs  by 
the  absorption  of  water  and  oxygen. | A few  hydrogen  and 
oxygen  atoms  must  therefore  be  added  to  the  above  proteid 
formulae.  Nevertheless  they  are,  perhaps,  the  most  exact 
that  have  been  computed  from  the  proteid  analyses  hitherto 
made,  and  may  serve  for  present  guidance. 

HarnackJ  has  produced  and  analyzed  a proteid  combina- 
tion which,  though  amorphous,  is  probably  pure.  Harnack 
precipitated  neutral  solutions  of  egg-albumen  with  solutions 
of  copper,  and  obtained  the  noteworthy  result  that,  although 
the  quantitative  relation  of  the  albumen  and  of  the  copper 
salt  varied  greatly,  yet  in  the  precipitates,  the  albumen  com- 
bined with  the  oxide  of  copper  was  only  found  in  two  perfectly 
definite  proportions.  The  precipitates  contained  either  from 
1’34  to  1‘37,  a mean  of  1'35  per  cent.  Cu,  or  from  2’56  to  2‘68, 
a mean  of  2'64  per  cent.  Cu ; in  one  case,  therefore,  exactly 
twice  as  many  copper  atoms  as  in  the  other. 

The  complete  elementary  analysis  gave  a mean  from  a 
series  of  estimates  agreeing  well  with  each  other  : 


Carbon  . . 
Hydrogen 
Nitrogen 
Sulphur 
Copper  . . 


I. 

52-50 

7-00 

15-32 

1-23 

1-35 


II. 

51-43 

6-84 

15-34 

1- 25 

2- G4 


* Alfred  Jaquet,  “ Boitr.  z.  Kenntniss  des  Blutfarbstoffes,”  Dissert. : Basel,  1889. 
t Concerning  this,  see  Max  Lebensbautn,  Wien.  Sitzungaber,  vol.  xov.  part  ii. 
March  No.,  1887.  In  this  work,  carriod  out  in  Berno  under  Nenclci’s  direction, 
there  is  also  an  account  of  the  earlier  literature  on  the  splitting  up  of  liasmoglobiu. 
X E.  Harnack,  Zeitschr.f.  'physiol.  Chem.,  vol.  v.  p.  198  : 1881. 
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According  to  the  first  analysis,  the  relation  of  the  sulphur 
atom  to  the  copper  atom  may  be  calculated  as — 


x'32  _ 1-23. 
63-4  “ 1*35  ’ 


x — 1‘805. 


The  second  analysis  makes  x — 0’938.  In  these  analyses, 
also,  the  incinerated  residue  was  much  too  small  to  allow  a 
determination  of  the  copper  and  sulphur.*  A more  exact 
estimate  of  these  elements  is  urgently  required.  From  his 
analyses,  Harnack  reckons  the  formula  for  the  first  com- 
bination : 


Loewf  has  produced  two  silver  compounds  of  egg-albumen, 
which  correspond  to  Harnack’s  copper  compounds  : one  con- 
tained from  2’2  to  2’4  per  cent.  Ag,  the  other  a mean  of  4-3  per 
cent.  Ag.  Taking  Harnack’s  figures  for  the  amount  of  copper, 
the  silver  equivalent  may  be  computed  = 2'3  per  cent,  and 
4-5  per  cent.  These  facts  go  to  prove  that  Harnack’s  and 
Loew’s  preparations  were  true  chemical  entities.  It  is  to  be 
regretted  that  Loew  has  not  made  any  elementary  analysis  of 
his  preparations. 

The  formulae  of  the  proteids  already  quoted  are  : 

Egg-albumen  C2o4H322N52066S2. 

Albumen  in  haemoglobin  from  horse  C680H1098N210O21iS2. 

Albumen  in  haemoglobin  from  dog  CjoeHimNuiO-juSs. 

Globulin  from  pumpkin-seeds  C^H^NggO^Sg 

Thus  if  we  select  the  most  careful  and  exact  of  all  the 
analyses  hitherto  made  of  the  purest  preparations  of  different 
proteids,  we  find  that  they  give  very  varying  quantitative 
compositions,  and  that  they  particularly  differ  in  the  amount 
of  sulphur. 

So  far  as  they  have  been  investigated,  proteids  show  a 

* Comp.  O.  Loew,  Pfiiiger’s  Arch.,  vol.  xxxi.  pp.  393-395:  18S3. 
t 0.  Loew,  loc.  cit.,  p.  402. 
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certain  unanimity  in  their  products  of  decomposition.  It 
appears  that  the  various  albumens  are  composed  of  the  same 
combinations  in  different  proportions.  On  heating  the  pro- 
teids  with  baryta  water,  they  break  up  under  hydration  into 
numerous  combinations,  which  are  almost  all  of  known  con- 
stitution. The  principal  are  carbonic  acid,  oxalic  acid,  acetic 
acid,  ammonia,  sulphuretted  hydrogen,  sulphuric  acid,  and 
a number  of  amido  acids,  such  as  aspartic  acid,  leucin, 
tyrosin,  etc.  The  same  amido  acids  and  ammonia  also 
present  themselves  on  boiling  the  proteids  with  acids,  but  not 
carbonic,  oxalic,  and  acetic  acids  ; instead  of  these,  a series 
of  organic  bases  are  formed,  the  precise  composition  of  which 
has  not  yet  been  investigated,  and  which  yield  carbonic  acid 
on  heating  with  baryta  water.  The  above-mentioned  amido 
acids  are  also  split  off  from  the  proteid  by  ferments.  We 
shall  have  to  discuss  the  products  produced  by  the  splitting 
up  of  proteids  more  fully  when  we  come  to  treat  of  the 
chemistry  of  the  urine;  we  shall  then  also  consider  the  de- 
composition of  the  nitrogen  compounds  of  the  organism  {vide 
Lecture  XVI.). 

Another  group  of  food-stuffs,  the  gelatiniferous  or  colla- 
ginous  substances,  are  closely  related  to  the  proteids  in 
chemical  qualities ; but  their  physiological  import  is  quite 
different. 

Gelatiniferous  substances  are  the  chief  constituents  of 
connective  tissue,  of  bone  and  cartilage,  and  therefore  form 
an  important  part  of  the  food  of  carnivorous  and  omnivorous 
animals. 

Gelatins,  like  proteids,  are  colloids  containing  nitrogen 
and  sulphur,  and  may  likewise  occur  in  two  modifications 
— one  apparently  dissolved,  but  not  diffusible ; the  other 
coagulated.  But  the  conditions  of  the  transit  from  one  modi- 
fication to  another  are  exactly  the  reverse.  All  proteids  clot, 
as  already  described,  at  boiling-point,  with  neutral  or  weakly 
acid  reaction,  and  in  the  presence  of  salts  ; the  gelatins,  on 
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the  contrary,  become  soluble  under  these  circumstances,*  and 
on  cooling  the  solution  of  gelatin  thus  formed  again  clots. 
Solutions  of  albumen  are  precipitated  by  mineral  acids,  but 
not  so  solutions  of  gelatin.  The  gelatin  of  cartilage  is  cer- 
tainly precipitated  by  very  dilute  mineral  acids,  but  dissolved 
by  an  excess,  thus  behaving  in  the  opposite  manner  to  the 
globulins,  which  are  soluble  in  very  dilute  (1  per  1000)  hydro- 
chloric acid,  but  are  again  precipitated  by  an  excess  of  it. 

If,  therefore,  varieties  of  proteid  and  gelatine  are  soluble 
or  coagulable  under  opposite  conditions,  we  need  not  be  sur- 
prised to  find  that  under  similar  conditions  in  the  organism, 
the  one  occurs  invariably  in  the  soluble,  the  other  only  in 
the  solid,  modification.  Proteids  are  found  in  our  bodies  only 
in  a liquid  state.  In  this  form  they  are  the  main  con- 
stituents of  the  blood-plasma  and  of  lymph,  or  they  occur  in 
that  peculiar  semi-liquid  modification  common  to  all  those 
tissues  which  play  an  active  part  in  the  functions  of 
our  bodies : the  contractile  constituents  of  muscle-fibre,  the 
axis-cylinders  of  nerve-fibres,  the  protoplasm  of  all  cells 
which  we  must  not  conceive  as  rigid  structures,  but  as 
engaged  in  a constant  state  of  active  amoeboid  movement. f 
The  collaginous  matters,  on  the  contrary,  are  found  in  our 
tissues  only  in  the  rigid  modification ; they  form  the  supports 
and  the  framework  of  our  bodies,  viz.  bone,  cartilage,  liga- 
ments, and  connective  tissue  of  all  kinds. 

But  here  I must  guard  against  a misunderstanding,  lest 
it  should  appear  that  I am  identifying  the  gelatiniferous 
constituents  of  the  tissues  with  coagulated  gelatin.  In  the 

* It  is  not  until  after  the  phosphates  and  carbonates  of  lime  and  magnesia 
have  been  extracted  with  dilute  hydrochloric  acid  at  a low  temperature,  that  the 
gelatin  of  bone  is  dissolved  in  boiling  water,  and  especially  under  increased 
pressure.  The  salts  of  lime  and  magnesia  appear  to  be  chemically  united  with 
the  gelatigenous  substance. 

t As  already  mentioned,  albumen  is  found  in  the  solid  form,  deposited  in 
crystals,  only  in  the  yolk  of  egg,  and  in  the  seeds  and  bulbs  of  plants.  These 
crystalloids  are  not  integral  constituents  of  the  living  tissue,  but  dead  material, 
the  store  of  nutriment  for  the  future  development  of  the  germ. 
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conversion  of  collaginous  tissues  into  solutions  of  gelatin, 
a fundamental  change  takes  place,  possibly  a decomposition 
accompanied  by  hydration,  and  the  gelatin  is  not  reconverted 
into  collaginous  matter  on  coagulation. 

The  percentage  composition  of  the  varieties  of  gelatin 
is  nearly  the  same  as  that  of  the  proteids.  At  the  same  time, 
it  is  characteristic  of  the  former  that  they  are  somewhat 
poorer  in  carbon  and  richer  in  oxygen;  they  are  products'  of 
the  initiation  of  the  breaking  up  and  oxidation  of  the  proteids 
in  the  animal  body.  According  to  the  analyses  * hitherto 
made,  the  percentage  composition  of  the  gelatinous  sub- 
stances varies  within  the  following  limits  : — 


Gelatin  from  bone 
or  connective  tissue. 

Chondrin. 

Albumen. 

Carbon 

49-3— 50-8 

47-7—50-2 

50-0-55-0 

Hydrogen  . . 

6-5 — 6-6 

6-6—  6-8 

6-6—  7-3 

N itrogen  . . 

17-5— 18-4 

13-9—14-1 

15-0—190 

Sulphur 

— 0-56  (?) 

0-4—  0-6  (?) 

0-3—  2-4 

Oxygen 

24-9—26-0 

29-0—51-0 

19  0—24-0 

We  know  for  a fact  that  certain  compounds  of  the  aromatic 
class,  rich  in  carbon,  and  which  issue  in  the  form  of  tyrosin 
and  indol  from  the  decomposition  of  proteids,  are  absent  in 
the  gelatiniferous  substances. f It  is,  moveover,  a fact  that 

* Fr.  Hofmeister,  Zeitschr.f.  physiol.  Chem.,  vol.  ii.  p.  299  : 1878. 

f The  absence  of  tyrosin  explains  the  fact  that  gelatin  does  not  give  Millon’s 
reaction,  which  is  common  to  all  proteids  (red  colouration  on  boiling  with  nitrate 
of  mercury,  with  the  addition  of  fuming  nitric  acid).  All  aromatic  oxy-acids 
and  their  derivatives,  to  which  tyrosin  belongs,  give  this  reaction.  On  the  other 
hand,  compounds  which  are  wanting  in  proteids  occur  among  tho  decomposition- 
products  of  gelatinous  matters.  Amido-acetic  acid  (glycin,  glycocoll),  which 
has  hitherto  not  been  shown  to  exist  among  the  decomposition-products  of  any 
albuminous  body,  is  obtained  from  the  gelatin  of  bones  and  connective  tissue,  on 
boiling  with  alkalies  and  acids,  and  in  putrefaction.  On  boiling  with  acids, 
cartilage-gelatin  gives  a substance  which  reduces  oxide  of  copper  in  au  alkaline 
solution,  and  which  appears  to  be  closely  allied  to  the  carbohydrates,  though  it 
has  not  yet  been  more  carefully  examined.  According  to  H.  A.  Landwehr 
(Pflüger’s  Arch.,  vol.  xxxix.  p.  193  ; and  vol.  xl.  p.  21 : 1886),  a colloid  carbo- 
hydrate (“  animal  gum  ”)  may  be  obtained  from  chondrin  by  long  boiling  with 
water.  Mering  mentions  that  a proteid,  syntonin,  also  occurs  among  the  decom- 


64 


LECTURE  IY. 


tlie  heat -equivalent  of  gelatin  is  lower  than  that  of  the 
proteids ; * that  therefore  a part  of  the  potential  energy  in- 
troduced into  the  animal  body  by  albumen,  is  already  con- 
sumed during  its  conversion  into  gelatin-yielding  substances. 
We  should  therefore,  ä priori,  expect  to  find  that  the  gelatins 
do  not  replace  the  adbumen  of  nutrition,  and  that  they  cannot 
form  the  proteids  of  the  tissues.  Such  a conversion  would 
be  opposed  to  the  whole  tendency  of  animal  metamorphosis, 
which  is  essentially  a process  of  decomposition  and  of 
oxidation.  The  conversion  of  gelatin  into  albumen  would 
be  a synthetic  process  of  reduction.  The  results  of  Yoit’s 
experiments,!  showing  that  gelatin  cannot  replace  the 
albumen  of  nutrition,  are  in  agreement  with  the  a priori 
deduction.  When  Yoit  fed  dogs  exclusively  on  gelatin,  or 
on  gelatin  and  fat,  they  excreted  more  nitrogen  than  they 
took  in  with  their  food ; they  therefore  used  up  the  proteids 
of  their  tissues.  But  if  to  a small  amount  of  the  albumen 

position-products  of  cartilage-gelatin  (chondrin)  (V.  Mering,  “Ein  Beitrag  z. 
Chem.  d.  Knorpels,”  Inaugural  Dissert. : Strasburg,  1873).  This  view  is  opposed 
to  the  statement  that  no  aromatic  combinations  can  be  proved  to  exist  among  the 
products  of  chondrin.  On  the  products  of  the  decomposition  of  proteids  and 
gelatin,  see  further,  M.  Nencki,  “ Ueber  die  Zersetzung  der  Gelatine  und  des 
Eiweisses  bei  der  F'äulniss  mit  Pankreas  ” : Bern.  1876 ; Jules  Jeanneret,  Journ. 
f.  prakt.  Chem.  N.F.,  vol.  xv.  p.  353 : 1877  (from  Nencki’s  laboratory) ; Ed. 
Buchner  und  Th.  Curtius,  Ber.d.  deutsch,  chem.  Ges.,  vol.  xix.  p.  850:  1SS6;  and 
It.  Malys  Sitzungsber.  d.  Kais.  Alcad.  d.  Wissensch.  in  Wien,  Math.-natur.  Glosse., 
vol.  xcviii. : Jan.  6,  1889. 

* Danilewsky,  Centralblatt  f.  d.  med.  Wissensch,  Nos.  26  and  27 : 1881. 

t Yoit,  Zeitsehr.  f.  Biolog.,  bd.  viii.  s.  297 : 1872.  The'historical  introduction 
to  this  treatise,  showing  the  numerous  errors  into  which  any  one  would  necessarily 
fall  from  -the  experiments,  formerly  made  to  decide  the  question  concerning  the 
nutritive  value  of  gelatin,  is  highly  instructive  and  interesting.  Compare  also 
the  later  treatise  on  this  subject : Zeiischr.  f.  Biolog.  bd.  x.  s.  203 : 1874.  We  can- 
not attain  to  a complete  understanding  of  the  importance  of  nutrient  substances, 
until  we  get  to  know  all  the  processes  of  metabolism.  We  ought,  therefore, 
properly  to  leave  the  consideration  of  the  import  of  the  various  food-stuffs  to  the 
last  chapter  of  physiological  chemistry.  But  this  difficulty  can  in  no  way  be  sur- 
mounted, for  every  chapter  of  physiology  presupposes  other  chapters.  It  appears 
to  me  advisable  to  arouse  the  reader’s  interest  at  the  start,  by  pointing  out  the 
importance  in  vital  processes  of  those  substances  whose  gradual  changes  and 
ultimate  destination  in  the  animal  body  must  be  the  foundation  of  all  future 
study. 
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in  the  food,  which  was  not  by  itself  sufficient  to  prevent 
the  tissues  giving  off  albumen,  gelatin  was  added,  the  nitro- 
genous equilibrium  was  restored.  The  gelatin,  therefore,  had 
preserved  the  proteid  of  the  tissues  from  decomposition;  it 
effects  an  “ economy  of  the  albumen.”  This  property  of 
economizing  proteid  also  belongs  to  the  fats  and  carbo- 
hydrates, but,  as  Yoit’s  experiments  have  shown,  not  in  the 
same  degree  as  to  the  gelatin. 

It  has  recently  been  supposed  that  the  gelatin  might 
perhaps  replace  the  albumen  if  tyrosin  were  at  the  same 
time  administered.  We  now  know  that  the  contrast  in  the 
metabolism  in  animals  and  plants  is  not  so  complete  as 
was  formerly  supposed.  There  was  therefore  the  a priori 
possibility  that  albumen  might  be  formed  by  synthesis  from 
gelatin  and  tyrosin.  The  first  experiments  * appeared  even 
to  favour  this  supposition,  but  on  careful  repetition,  a negative 
result  was  obtained.  Lehmann  f fed  two  rats  on  a mixed 
diet  of  gelatin,  rice-starch,  butter,  meat  extract,  and  bone- 
dust;  and  six  rats  on  the  same  diet  with  the  addition  of 
tyrosin.  They  all  died  at  about  the  same  time,  from  forty- 
seven  to  seventy  days  afterwards.  Thus  these  experiments 
also  tend  to  show  that  no  albumen  can  be  produced  from 
gelatin,  although  we  know,  on  the  other  hand,  that  all 
gelatin  - yielding  tissues  of  the  body  are  formed  from 
albumen. 

Gelatin,  as  such,  is  only  to  be  found  in  cooked  food. 
Of  the  gelatin-yielding  tissues,  the  connective  tissue  is 
easily  digested,  and  is  therefore  an  important  element  of 
food.  Meat,  which  consists  to  a great  extent  of  connective 
tissue,  disappears  almost  entirely  in  the  alimentary  canal  of 
man.  The  digestibility  of  cartilage  and  bone  was  long 
doubted,  until  it  was  proved,  by  experiments  in  Yoit’s  labora- 

* L.  Hermann  und  Th.  Escher,  Vierteljahr  sehr.  der  naturforsch.  Ges.  in  Zürich 
p.  36:  1876. 

t Karl  B.  Lehmann,  Situngsher.  d.  Ges.  f.  Morphol.  u.  Physiol,  in  München  ■ 
1885. 
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tory,* * * §  that  dogs  fed  on  gristle  ejected  but  a very  incon- 
siderable amount  in  the  fasces.  A large  part  (as  much  as 
53  per  cent.)  of  the  collaginous  substance  of  the  bones  did 
not  reappear  in  the  faeces.  We  do  not  know  bow  far  the 
digestive  organs  of  man  are  capable  of  dealing  with  cartilage 
and  bone,  as  no  experiments  have  been  made  to  ascertain  this. 

Keratin,  the  chief  constituent  of  the  epidermis,  of  hair, 
nails,  claws,  hoofs,  horns,  and  feathers,  was  formerly  classed 
with  the  gelatin-yielding  substances.  But  keratin  is  distin- 
guishable from  the  collaginous  matters,  as  well  as  from  albu- 
minous substances,  by  its  high  percentage  of  sulphur  (from  4 
to  5 per  cent.),  but  more  especially  from  the  gelatin-yielding 
substances,  by  the  fact  that  tyrosin  makes  its  appearance 
among  its  products  of  decomposition.  According  to  this  last 
property,  keratin  should  be  classed  among  the  proteids.  The 
keratins  of  the  various  tissues  are  probably  not  identical  and 
not  chemical  entities,  but  mixtures  of  different  substances. 
Keratin  does  not  come  under  our  consideration  as  food  ; 
according  to  previous  experiments  it  appears  incapable  of 
being  digested  by  the  mammal. | Certain  insects  can  digest 
keratin.  The  caterpillar  of  the  clotbes-motb  apparently 
feeds  almost  entirely  upon  keratin.  Wherever,  therefore, 
keratin  is  rendered  soluble,  it  can  take  the  place  of  albumen. 
The  chief  constituent  of  elastic  tissue,  “elastin,”  which  was 
likewise  formerly  classified  under  the  same  heading  as 
gelatin,  now  stands  by  itself : on  decomposition,  it  yields 
a small  amount  of  tyrosin. { Elastic  tissue  is  almost  com- 
pletely digested  by  dogs.§  As  regards  human  beings,  we 

* J.  Etzinger,  Zeitsehr.  f.  Biolog.,  vol.  x.  p.  84:  1874.  . 

f Knieriem,  “On  the  Yalue  of  Cellulose  in  the  Animal  Organism,”  p.  6, 
Jubilee  Essay : Riga,  1884.  Reprinted  in  the  Zeitschr.  f.  Biolog.,  vol.  xxi. 
p.  67:  1885. 

X For  the  composition  and  properties  of  elastin,  vide  R.  H.  Chittenden  und 
A.  S.  Hart,  Zeitsclir.  f.  Biolog.,  vol.  xxv.  p.  868  : 1889.  The  earlier  literature  is 
here  quoted. 

§ Etzinger,  loc.  cit.  Compare  also  L.  Moroehowetz,  St.  Petersburger  med. 
Wochenschr. : No.  xv.,  1886;  A.  Ewald  und  W.  Kühne,  Verhandlungen  des 
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must  mention  an  experiment  made  by  Horbaczewski  * on 
a patient  with  gastric  fistula.  Powdered  elastin  in  a small 
bag  was  introduced  through  the  fistula,  and  was  found  to  be 
partly  dissolved  in  twenty-four  hours. 

natur.-histw.  med.  Vereins  zu  Heidelberg.  N.  F.,  vol.  i.  p.  441  : 1877 ; and 
Chittenden  und  Hart,  loc.  cit. 

* J.  Horbaczewski,  Zeitschr.f.  physiol.  Chem.,  vol.  6,  p.  330:  1882. 
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LECTURE  V. 

FURTHER  CONSIDERATION  OF  ORGANIC  FOOD-STUFFS  — CARBO- 
HYDRATES AND  FATS SIGNIFICATION  OF  THE  THREE  MAIN 

GROUPS  OF  ORGANIC  FOOD-STUFFS. 

We  will  how  turn  our  attention  to  two  main  groups  of  foods 
which  offer  a contrast  to  the  two  last  mentioned,  in  being 
free  from  nitrogen  and  sulphur — the  fats  and  the  carbo- 
hydrates.* They  agree  with  one  another  in  being  made 
up  of  the  same  three  elements : carbon,  hydrogen,  and 
oxygen.  But  the  quantitative  composition  is  well  known  to 
be  quite  different ; the  fats  are  much  poorer  in  oxygen,  and 
richer  in  carbon  and  hydrogen.  Therefore  the  heat-equivalent 
of  the  fats  is  much  the  greater. 

The  heat-equivalent  of  the  organic  substances  cannot  be 
exactly  computed  from  the  known  heat-equivalents  of  carbon 
and  hydrogen,  because,  of  the  amount  of  heat  which  is 
set  free  by  the  union  of  the  oxygen  with  the  carbon  and 
hydrogen,  a part  is  used  up  in  the  separation  of  the  hy- 
drogen atoms  from  the  carbon  atoms,  and  of  the  carbon 
atoms  from  each  other.  This  amount  of  heat  may  vary 
greatly  in  different  compounds,  because  the  atoms  are  more 
or  less  firmly  combined  with  each  other,  and  varying  amounts 
of  heat  are  set  free  by  their  union.  Metameric  compounds 
are  known  to  produce  different  heat-equivalents.  Hence  the 
heat-equivalents  of  foods  have  been  determined  by  direct 

* Both  here  and  in  all  subsequent  remarks,  a knowledge  of  the  chemical 
properties  of  the  carbohydrates  and  fats  is  presupposed,  as  these  compounds  are 
usually  described  at  sufficient  length  in  the  text-books  of  organic  chemistry. 
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calometrie  methods,  first  by  Frankland,* * * §  then  by  an  improved 
method  by  Stohmann  f and  his  pupil  Rechenberg, t lastly  by 
Danilewsky  § and  by  Rubner.||  In  the  following  table  I give 
the  values  ascertained  by  the  above-mentioned  authors.  By 
the  side  of  each  figure  will  be  found  the  first  letters  of  the 
author’s  name.  The  beat-equivalents  of  carbon,  hydrogen, 
and  of  a few  decomposition-products  of  foods,  are  also  added 
to  the  table,  for  reference  in  future  remarks.  The  unit  of 
beat  is  that  quantity  of  beat  required  to  raise  the  temperature 
of  one  gramme  of  water  1°  C. 


Heat-Equivalents  of  One  Gramme  of  Substance  expressed  in 

Units  of  Heat. 


Hydrogen 

F.  and  S.f  . . 

..  34462 

Stearic  acid,  C18H3S02 

Rch. 

. . 9886 

Ditto 

Rub. 

. . 9745 

Ditto 

F.  and  S.  . . 

. . 9717 

Beef  fat 

D 

. . 9686 

Olive  oil 

St 

. . 9455 

Pig’s  fat 

Rub. 

. . 9423 

Stearic  acid  . . 

St 

. . 9412 

Fat  (human  and  animal),  the  average  of  a 

numberof  approximate  figures,  9319-9429 

St 

. . 9372 

Butter 

St 

. . 9179 

Charcoal 

F.  and  S.  . . 

. . 8080 

Ethylalcohol 

F.  and  S.  . . 

. . 7184 

Ditto 

Berthelot  . . 

. . 6980 

Fibrin  from  plants  . . 

D 

..  6231 

Haemoglobin  (horse) 

D 

..  5919 

Casein 

D 

. . 5855 

Fibrin  from  blood  . . 

D 

. . 5772 

Casein  from  milk  (three  preparations, 

5754-5693),  average 

St 

. . 5715 

Butyric  acid . . . , . . . . . . 

F.  and  S.  . . 

. . 5647 

Paraglobulin  (from  horse’s  blood-serum)  . . 

. . 

. . 5634 

* Frankland,  Philos.  Mag.,  vol.  xxxii.  p.  182  : 1866. 

t Stohmann,  Journ.  f.  pralct.  Chem.  N.  F.,  vol.  xix.  pp.  115-142:  1879  ; and 
Landwirthscha/tl.  Jahrb.,  pp.  531-581 : 1884. 

X von  Rechenberg,  Journ.  f.  pralct.  Chem.)  N.  F.,  vol.  xxii.  pp.  1-45,  223- 
250:  1880. 

§ Danilewsky,  Pfliiger’s  Arch.,  vol.  xxxvi.  p.  237  : 1885. 

||  Rubner,  Zeitschr.  f.  Biolog.,  vol.  xxi.  pp.  250,  337  : 1885. 

H Favre  and  Silbermann,  An»,  d.  Chim.  et  d.  Pliys.,  t.  xxxiv.  p.  357 : 1852. 
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Crystallized  albumen  (from  pumpkin-seed, 
prepared  by  Grübler) 

St 

. . 5595 

Egg-albumen  (two  preparations,  5556  and 
5597),  average 

St 

. . 5577 

Succinio  acid,  C4H604 

. # 

Rch. 

. . 2996 

Ditto 

.. 

St 

. . 2937 

Uric  acid 

# . 

Frankl. 

. . 2645 

Ditto 

St 

. . 2620 

Urea  . . 

. , 

D 

. . 2537 

Ditto 

. , 

St 

. . 2465 

Fibrin  from  blood  (three  preparations, 
5487-5536),  average 

St 

. . 550S 

Glutin  (from  isinglass)  ... 

. . 

D.  . • 

. . 5493 

Peptone  (prepared  by  Drechsel)  . . 

. . 

D 

. . 4914 

Chondrin 

D 

. . 4909 

Peptone 

. , 

D 

. . 4876 

Starch,  C6H10Os  

, . 

Rch. 

. . 4479 

Erythrodextrin 

. • 

Rch. 

. . 4325 

Glycerine 

. . 

St 

. . 4305 

Cane  sugar  . . 

• . 

D 

. . 4176 

Ditto,  CI2H22Ou 

, , 

Rch. 

. . 4173 

Maltose  anhydrid,  CI2H22On 

. . 

Rch. 

. . 4163 

Lactose  anhydrid,  C12H22Ou 

. . 

Rch. 

. . 4162 

Cellulose  (from  Swedish  filter-paper) 

. . 

St 

. . 4146 

Starch  ..  ..  . . . . 

, . 

St 

..  4116 

Cane  sugar  . . 

. , 

St 

. . 3959 

Lactose  hydrate,  C12H220,„  H20  . . 

• . 

Rch. 

. . 3945 

Dextrose  anhydrid,  C6HI206 

. . 

Rch. 

. . 3939 

Maltose  hydrate,  C12H22Ou,  H20  . . 

• . 

Rch. 

. . 3932 

Lactose  anhydrid 

. . 

St.  .. 

. . 3877 

Lactose  hydrate 

• . 

St 

. . 3667 

Dextrose  anhydrid  . . 

St 

. . 3692 

Dextrose  hydrate,  C6H1206,  H20  . . 

. . 

Rch. 

. . 3567 

Acetic  acid  . . 

. . 

F.  and  S.  . . 

. . 3505 

Asparagin 

. . 

St 

. . 3423 

Glycocoll 

. . 

St 

. . 3050 

Urea  . . 

. . 

Frankl. 

..  2121 

Tartaric  acid,  C4H606 

. . 

St 

. . 1744 

Ditto 

Rch. 

. . 1408 

Oxalic  acid,  C2H204 

Rch. 

..  659 

Ditto 

. , 

St 

..  569 

In  the  case  of  non-nitrogenous  food,  the  same  heat- 
equivalent  is  produced  in  our  bodies  as  in  the  calorimeter, 
because  the  ultimate  products  are  the  same ; but  it  is 
different  in  the  case  of  food  containing  nitrogen.  Nitro- 
gen is  liberated  in  a free  state  from  combustion  in  the 
calorimeter ; on  the  other  hand,  it  issues  from  the  decompo- 


ERRATUM. 


Page  70,  Hue  7 from  bottom  of  list,  for  “ Asparagin  ” read  “ Aspartic  acid.” 
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sition  and  oxidation  of  the  body,  as  an  organic  compound, 
in  union  with  a part  of  the  carbon  and  hydrogen,  and,  in  the 
case  of  man,  principally  as  urea.  The  amount  of  urea  which 
can  be  formed  from  the  albumen,  is  about  one-third  of  the 
weight  of  the  albumen.  In  order,  therefore,  to  ascertain  the 
heat-equivalent  of  the  proteid  in  our  organism,  we  must 
deduct  one-third  of  the  heat-equivalent  of  urea  from  that  of 
the  albumen.  But  this  figure  would  come  out  rather  too 
high,  because  the  nitrogen  leaves  our  body  not  only  as  urea, 
but  partly  as  a compound  containing  both  more  carbon  and 
more  hydrogen.  We  must  therefore  subtract  at  least  800 
units  of  heat  from  the  heat-equivalent  of  the  proteids  in  the 
above  table,  and  we  then  obtain  figures  which  are  only  a 
little  higher  than  those  of  the  carbohydrates.  As  a store  of 
energy  in  our  bodies,  therefore,  the  carbohydrates  are,  in  a 
quantitative  respect,  about  equivalent  to  the  proteids.  The 
heat-equivalent  of  fats,  on  the  other  hand,  is  twice  as 
great. 

Little  has  as  yet  been  ascertained  as  to  the  manner  in 
which  the  organs,  in  the  performance  of  their  various  func- 
tions, utilize  the  potential  energy  acquired  by  the  storage  of 
food.  As  muscle  is  made  up  chiefly  of  albuminous  matter, 
it  was  a plausible  supposition  that  proteid  was  the  source  of 
muscular  work.  This  view  was  maintained  by  Liebig,  who 
contrasted  the  foods  containing  no  nitrogen — the  fats  and 
carbohydrates — as  “ respiratory  foods  ” with  the  proteids  as 
“plastic  foods.”  He  taught  that  the  former  served  mainly 
to  generate  heat.  At  the  present  time  we  know  that,  in  the 
work  of  muscle,  the  excretion  of  nitrogen  is  increased  only  in 
a slight  degree,  but  that  the  excretion  of  carbonic  acid  and 
the  absorption  of  oxygen  is  notably  increased ; that  therefore 
muscle  works  principally  with  material  free  from  nitrogen. 
We  know  that  a store  of  carbohydrates  is  to  be  found  in  the 
muscles  in  the  form  of  glycogen,  and  that  this  store  disap- 
pears during  work.  It  thus  appears  that  the  carbohydrates 
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serve  as  the  chief  sources  of  energy  in  muscle.*  The  fats  and 
the  carbohydrates  may  replace  each  other,  but  only  -within 
certain  limits  ; they  do  not  appear  to  play  exactly  the  same 
part.  This  is  proved  by  their  simultaneous  appearance  in 
the  milk  of  all  carnivorse,  omnivorse,  and  herbivorae.  It  is 
further  proved  by  the  instinctive  desire  for  the  addition  of 
fat  to  a diet  however  abundant  in  carbohydrates  it  may  be, 
and  the  desire,  on  the  other  hand,  for  the  addition  of  carbo- 
hydrates to  the  richest  fat-diet. 

The  fats  are,  at  any  rate,  the  most  fertile  sources  of  heat. 
Concerning  the  importance  of  animal  heat  in  vital  functions, 
we  know,  so  far,  that  all  chemical  processes,  as  well  as  the 
interchange  of  force  connected  with  them,  and  the  functions 
of  the  body  dependent  upon  them,  are  more  intense  at  a 
higher  temperature.  The  fact  that  the  functions  of  the 
nervous  system,  and  of  the  muscles  especially,  are  performed 
more  rapidly  at  a higher  temperature,  may  be  easily  demon- 
strated, as  is  well  known,  on  poikilothermic  animals. 

It  has  not  yet  been  ascertained  which  functions  of  the 
body  are  aided  by  the  decomposition  and  oxidation  of  the 
large  amount  of  proteid,  which  no  other  food-substance  can 
replace.  It  is  a matter  of  experience,  that  each  person  must 
be  daily  supplied  with  at  least  100  grins,  of  proteid,  in  one 
form  or  another.  If  he  eats  less  than  this  amount,  he  must 
use  part  of  the  proteid  of  his  tissues,  however  large  a quantity 
of  fat  and  carbohydrates  he  takes  as  well.f  The  fats  and 
carbohydrates  can  only  act,  in  a certain  degree,  as  substitutes 
for  the  proteids. 

* The  question  as  to  the  source  of  muscular  energy  will  be  fully  treated  in 
Lecture  XIX. 

t From  numerous  experiments  recently  communicated,  it  appears  that,  when 
a large  amount  of  carbohydrates  is  taken,  much  less  than  100  grms.  of  proteid  is 
almost,  if  not  quite,  sufficient  to  maintain  nitrogenous  equilibrium.  It  is  open 
to  question,  however,  whether  it  would  be  so,  over  a long  period  of  laborious  work 
and  normal  sexual  life.  Vide  C.  Yoit,  E.  Voit  und  Constantinidi,  Zeitschr.  f. 
Biolog.,  vol.  xxv.  p.  232:  1888;  Hirschfeld,  Virchow's  Arch.,  vol.  cxiv.  p.  301: 
1888 ; and  Muneo  Kumagawa,  ibid.,  vol.  cxvi.  p.  370 : 1889. 
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We  know,  indeed,  that  tlie  elements  of  our  tissues  which 
are  rich  in  albuminous  material,  undergo,  like  all  unicellular 
bodies,  a rapid  change  of  generations;  that  increase,  death 
of  one  part,  growth  and  division  of  another,  follow  each  other 
in  uninterrupted  succession.  In  the  epidermis  (the  tissue 
most  convenient  for  observation),  we  see  the  older  cells  con- 
tinually dying  off  and  being  replaced  by  the  proliferation  of 
under  layers.  The  same  process  has  been  traced  in  the 
epithelium  cells  of  the  intestine  and  of  certain  glands.  A 
glance  at  a section  of  bone  shows  that  newly  formed  con- 
centric lamellae  are  continually  growing  into  the  older 
system  as  it  becomes  absorbed.  We  shall  see,  when  we 
come  to  consider  the  processes  of  absorption  in  the  intestine 
(Lecture  XII.),  that  the  leucocytes  also  undergo  rapid  growth 
and  destruction.  Why  should  not  the  same  thing  be  taking 
place  in  the  tissues  hidden  from  our  observation  ? 

But  the  material  of  the  dying  elements  of  tissues  may  be 
used  up  in  the  growth  of  the  surviving  cells.  The  necessity 
for  a daily  consumption  of  100  grins,  of  albumen  is  incompre- 
hensible, so  long  as  we  do  not  know  of  any  function  of  the 
body  in  the  performance  of  which  the  chemical  potential 
energies  of  the  destroyed  albumen  are  used  up. 

As  we  know  for  a fact  that  albumen  is  the  only  one  of 
the  three  main  groups  of  food  that  cannot  be  replaced  by  any 
other,  our  choice  and  combination  of  the  articles  of  diet  must 
be  regulated  by  the  amount  of  albumen  they  contain.  In 
the  following  table  * may  be  seen  the  average  composition  of 
the  most  important  articles  of  diet,  arranged  according  to  the 
quantity  of  proteid  found  in  them  : — 

* The  numbers  are  taken  from  the  work  of  J.  König,  “ Chemie  der  menschli- 
chen Nahrungs-und  Genussmittel,”  2nd  edit.  (Berlin,  1882),  in  which  will  be 
found  an  exhaustive  collection  of  all  former  analyses. 
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TABLE  I. 

One  Hundred  Grms.  op  Food  in  a Natural  State  contain — 


Proteid. 

Fats. 

Carbohydrates. 

Apples 

. . 

. . 04  . . 

— 

..  13 

Carrots 

..  IT  .. 

. . 0-2  . . 

9 

Potatoes  . . 

. . 2-0  . . 

..  0-1  .. 

..  20 

Human  milk 

. . 2T  . . 

. . 4-0  . . 

..  G 

Cabbage  (various) 

. . 3-3  . . 

. . 0-7  . . 

. . 7 

Cow’s  milk 

. . 34.. 

..  4-0 

. . 5 

Rice  . . 

. . 8-0  . , 

..  0-9  .. 

..  77 

Maize 

. . 10-0  . . 

. . 4-6  . . 

..  71 

Wheat 

. . 120  . . 

. . 1-7  . . 

..  70 

Egg-albumen 

. . 130  . , 

. . 0-3  . . 

. . — 

Fat  fish  (eel) 

..  130  .. 

. . 28-0  . . 

. . — 

Fat  pork  . . 

. . 150  . . 

. . 37-0  . . 

. . — 

Yolk  of  egg 

..  16/0  .. 

. . 32  0 . . 

. . — 

Fat  beef  . . 

. . 170  . . 

. . 26-0  . . 

. . — 

Lean  fish  (pike)  . . 

..  18-0  .. 

..  0-5  .. 

. . — 

Lean  beef 

..  21-0  .. 

..  1-5  .. 

. . — 

Peas 

. . 23  0 , . 

..  1-8  .. 

..  58 

TABLE  II. 

One  Hundred  Grms.  op  Dried  Substance  contain — 


Proteid. 

Fats. 

Carbohydrates. 

Apples 

. . 2-4  . . 

— .. 

..  79 

Potatoes  . . 

. . 80., 

0-6  ,. 

..  87 

Rice 

..  90  .. 

1-0  .. 

..  S9 

Carrots  . . 

..  10-0  .. 

20  .. 

..  82 

Maize  . . 

..  IPO  .. 

5-0  , . 

..  81 

Wheat 

. . 14-0  . . 

2-0  .. 

..  81 

Human  milk 

..  18-0  .. 

30  0 . . 

..  48 

Cabbage  . . 

. . 26  0 . . 

50  .. 

..  56 

Peas  . , 

. . 27  0 . . 

2-0  .. 

..  62 

Cow’s  milk 

. . 27-0  . . 

29-0  . . 

..  38 

Fat  pork  . . 

. . 28-0  . . 

710  .. 

. . — 

Fat  fish  . , 

• * 

. . 30-0  . . 

67-0  . . 

. . — 

Yolk  of  egg 

. . 33  0 . . 

65  0 . . 

. . — 

Fat  beef  . . 

. . 39-0  . . 

59-0  . . 

. . — 

Lean  beef. . 

..  89-0  ., 

6 0 .. 

. . — 

Egg-albumen 

. . 89  0 . . 

2-0  .. 

. . — 

Lean  fish . . 

• t 

. . 90-0  . . 

2-5  .. 

. . — 

In  tlie  following  table  we  give  the  amount  which  it  is 
necessary  to  eat  of  the  various  articles  of  diet  in  their  natural 
undried  condition,  in  order  to  convey  100  grms.  of  proteid 
into  our  bodies : — 
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TABLE  III. 

One  Hundred  Grms.  of  Proteid  are  contained  in— 


25,000  grms.  apples. 

750 

grms. 

egg-albumen. 

9,000 

5» 

carrots. 

750 

55 

fat  fish  (eel). 

5,000 

55 

potatoes. 

650 

55 

fat  pork. 

4,200 

1) 

human  milk. 

620 

55 

yolk  of  egg. 

3,000 

5» 

cabbage. 

600 

55 

fat  beef. 

3,000 

5» 

cow’s  milk. 

550 

55 

lean  fish. 

1,250 

55 

rice. 

480 

55 

lean  beef. 

1,000 

5» 

maize. 

430 

55 

peas. 

800 

1» 

wheat. 

In  the  following  table  we  give  the  amount  of  dried  articles 
of  food  which  contain  100  grins,  of  proteid. 

TABLE  IY. 

One  Hundred  Grms.  of  Proteid  are  contained  in — 


4200 

grms.  dried 

apples. 

370  grms. 

dried  cow’s  milk. 

1250 

55 

55 

potatoes. 

360 

55 

55 

fat  pork. 

1100 

55 

55 

rice. 

330 

55 

55 

fat  fish. 

1000 

55 

55 

carrots. 

300 

55 

55 

yolk  of  egg. 

900 

5* 

55 

maize. 

250 

55 

55 

fat  beef. 

700 

55 

55 

wheat. 

112 

55 

55 

lean  beef. 

550 

55 

55 

human  milk. 

112 

55 

55 

egg-albumen. 

440 

55 

55 

cabbage. 

110 

55 

5» 

lean  fish  (pike). 

370 

5» 

55 

peas. 

If  we  subtract  100  from  the  numbers  given,  we  learn 
from  this  last  table  how  much  of  the  other  solid  constituents, 
especially  carbohydrates  and  fats,  we  must  consume  in  order 
to  obtain  100  grms.  of  albumen.  In  the  following  two  tables, 
these  quantities  are  divided  into  carbohydrates  and  fats  ; in 
Table  V.  they  are  arranged  according  to  increase  of  carbohy- 
drates, and  in  Table  VI.,  according  to  increase  of  fats. 

TABLE  V. 

With  100  Grms.  of  Proteid  we  take  up  in — 


Carbohydrates.  Fats. 


Cow’s  milk 

. , 

140  . . 

. . 107 

Cabbage  . . 

• * 

. . 220  . . 

..  21 

Peas 

. . 230  . . 

7 

Human  milk 

. . 270  . . 

..  170 

Wheat 

. . 580  . . 

..  14 

Maize  . . , , 

. . 740  . . 

. . 46 

Carrots  . . 

. . 820  . . 

..  20 

Rice 

. . 990  . . 

11 

Potatoes  . . , . 

. . 1090  . . 

8 

Apples  . . 

. . 3300  . . 

0 
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TABLE  VI. 

With  100  Gums,  of  Proteid  we  take  up  in — 


Apples 

Fats. 

.Carbohydrates. 
. . 3300 

Egg-albumen 

2 . . 

. . — 

Pike 

3 

. . — 

Lean  beef 

7 . . 

. . — 

Peas 

7 . . 

..  230 

Potatoes  . . 

8 . . 

. . 1090 

Rice 

..  11  .. 

..  990 

Corn 

14  . . 

..  580 

Carrots 

. . 20  . . 

..  820 

Cabbage 

. . 21  . . 

220 

Rice 

. . 30  . . 

. . 1300 

Maize 

. . 46  . . 

..  740 

Cow’s  milk 

. . 107  . . 

..  140 

Fat  beef 

. . 150  . . 

— 

Human  milk 

. . 170  . . 

..  270 

Yolk  of  egg 

. . 200  . . 

. . — 

Eel 

. . 220  . . 

. . — 

Fat  pork  . . 

. . 250  . . 

. . — 

In  forming  an  opinion  from  these  tables,  concerning  the 
value  of  the  different  animal  and  vegetable  foods,  the  following 
must  also  he  taken  into  consideration.  The  amount  of 
proteid  in  most  articles  of  food  has  not  been  accurately 
determined.  The  amount  of  nitrogen  only  has  been  ascer- 
tained, and  from  this  the  amount  of  proteid  has  been 
calculated  under  the  supposition  that  no  other  nitrogen- 
compounds  exist  in  food,  and  that  all  kinds  of  proteids 
contain  16  per  cent,  of  nitrogen.  Both  assumptions  are 
wanting  in  precision.  The  amount  of  nitrogen  in  the  various 
proteids  varies,  as  we  have  seen,  from  15  to  19  per  cent. 
The  other  assumption,  that  foods  contain  no  other  nitrogen- 
compound,  holds  good  in  the  case  of  the  grains  of  cereals 
and  leguminosae.  But  in  most  of  the  other  vegetables, 
ammonia,  nitric  acid,  amides,  amido-acids,  etc.,  are  found 
in  considerable  quantities.  In  certain  kinds  of  vegetables, 
the  nitrogen  of  these  compounds  amounts  to  more  than  one- 
third  of  the  entire  nitrogen. 

It  would  also  be  a serious  mistake  to  calculate  the  amount 
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of  proteid  from  the  amount  of  nitrogen  in  meat.  This  con- 
tains a considerable  quantity  of  gelatin-yielding  substances, 
which,  as  I have  already  pointed  out,  have  a totally  different 
action  in  nutrition  to  that  of  proteid.  The  gelatin-yielding 
substances  of  animal  food  may  be  regarded  as  more  analo- 
gous to  the  carbohydrates  of  vegetable  food  than  to  the 
proteids.  If,  therefore,  the  nutrient  value  of  meat  and  vege- 
tables be  judged  from  the  above  tables,  according  to  then- 
relative  amount  of  albumen,  the  value  of  the  meat  will  be 
rated  too  highly,  and  that  of  the  vegetables  not  highly 
enough. 

On  the  other  hand,  it  must  be  remembered  that  animal 
food  is  much  more  completely  absorbed  than  vegetable  food. 
The  capability  of  absorption  of  the  proteid  in  different  foods 
has  of  late  been  accurately  tested  by  a careful  comparison 
of  the  amount  of  nitrogen  in  the  nutriment  taken,  with  that 
in  the  faeces.  It  has  thus  been  ascertained  that  the  proteid 
of  the  meat  almost  entirely  disappears.  A considerable  part 
of  the  proteid  in  milk  reappears  in  the  faeces,  and  a still 
larger  proportion  is  unabsorbed  from  vegetables.  The 
following  table  gives  the  results  of  these  experiments  on 
the  absorption  of  proteid ; they  have  all  been  carried  out  on 
human  beings. 

Percentage  of 

Food.  unabsorbed  albumen.*  Author. 

Beef  (the  same  person  being  experimented  on)  j j.  * • • • Rubner.f 

Eggs  2 9 . . . . Rubner. 

I2'9) 

Milk  and  cheese  (the  same  person)  . . . . <4-9V  . . . . Rubner. 


* These  figures  are  rather  too  high,  because  the  nitrogen  in  the  faoces  is  con- 
tained, not  only  in  the  unabsorbed  food,  but  also  in  the  products  of  metabolism, 
which  are  eliminated  in  the  intestine.  According  to  Rieder’s  experiments  with 
non-nitrogenous  food,  the  nitrogen  eliminated  in  the  intestine  amounts  to  8 per 
cent,  of  the  total  nitrogen  excreted  under  these  circumstances.  Zeitsohr.  f. 
Biolog.,  vol.  xx.  p.  478  : 1884. 

t Max  Rubner,  Zeitechr.  f.  Biolog  , vol.  xv.  p.  115  : 1879 ; vol.  xvi.  p.  119 : 1880  ; 
vol.  xix.  p.  45  : 1883. 
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Percentage  of 


Food. 

unabsorbed  albumen.  Author. 

(6*1 

Milk*  (four  experiments  on  four  different  people) 

7-0 

7-7 

. . Rubner. 

(.120 

“ Leguminose  ” (flour  from  leguminosoc  and  1 
cereals)  f 

8-2 

10-5 

t . . . . Strümpell. t 

Macaroni  . . 

, . 

11-2 

. . . . Rubner. 

Maize 

. . 

15-5 

. . . . Rubner. 

Peas  and  bread  . . 

120- 

-200 

. . . . Woroschiloff. 

Vermicelli 

. . 

17T 

. . . . Rubner. 

Savoy  cabbage 

. . 

18-5 

. . Rubner. 

Wheat  bread 

. . 

19-9 

. . . . Meyer.  § 

Rice 

. , 

20-4 

. . . . Rubner. 

Rye  bread 

. . 

22  2 

. . Meyer. 

f18'7! 

White  bread  (the  same  person) 

20-7 1 
24-6 

..  ..  Rubner.  || 

125-7  J 

Peas,  shelled  and  well  boiled  (the 

same 

17-5 

■ . . . . Rubner. 

person) 

l 

27-8 

Whole  wheat-meal  bread 

305 

. . . . Rubner. 

Black  bread  (rye  bread) 

. # 

320 

. . . . Rubner. 

Potatoes  . . 

. . 

32-2 

. . . . Rubner. 

Harsford-Liebig  bread  . . 

• . 

32-4 

. . . . Meyer. 

Carrots  (boiled)  . . 

39-0 

. . Rubner. 

Lentils 

. • 

40-0 

. . . . Strümpell. 

Bran  bread 

. . 

42-3 

. . Meyer. 

Lentils,  potatoes,  and  bread 

. • 

535 

. . Hofmann. Tf 

If  the  above  table  be  compared  with  Tables  III.  and  IV., 
it  appears  scarcely  possible  that  a man  could  take  up,  in 

* Concerning  the  absorbability  of  milk,  see  W.  Prausnitz,  Zeitschr.  f.  Biolog., 
vol.  xxv.  p.  533 : 1889. 

t A.  Strümpell,  Deutsch.  Arch.  f.  Min.  Med.,  vol.  xvii.  p.  108 : 1876. 

% Woroschiloff,  Botkin’s  Arch.,  vol.  iv.  p.  1 : 1872  (Russian).  Unfortunately, 
a very  inaccurate  account  of  this  useful  work  is  to  be  found  in  the  Berl.  Min. 
Wochenschr.,  p.  90  : 1873. 

§ Gr.  Meyer,  Zeitschr.  f.  Biolog.,  vol.  vii.  p.  1 : 1871. 

||  It  is  a pity  that  the  careful  and  arduous  experiments  of  Rubner  were  made 
on  beer-drinkers,  whose  digestive  organs  are  quite  unsuited  to  a vegetable  diet. 
In  the  experiment  with  white  bread  of  the  finest  flour,  the  man  drank  one  and  a 
half  litres  of  beer  per  day.  Is  the  “flatulent  distension”  in  this  case  to  be 
ascribed  to  the  bread?  Neither  could  Meyer  ( loc . cit„  p.  18)  leave  off  the  beer 
during  his  experiments,  but  took  two  litres  a day  1 Woroschiloff,  who,  during 
his  experiments  on  himself,  drank  water  only  (loc.  cit.,  p.  28),  completely  used  up 
the  proteid  of  a vegetarian  dietary,  while  at  the  same  time  he  performed  the 
most  strenuous  bodily  and  mental  work,  and  yet  preserved  his  nitrogenous 
equilibrium. 

If  Fr.  Hofmann,  “ Die  Bedeutung  von  Fleischuahrung  und  Fleischconserven,” 
pp.  11,  44 : Leipzig,  1880. 
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the  form  of  vegetables,  the  daily  amount  of  at  least  100  grms. 
of  proteid  necessary  to  maintain  the  balance  of  nitrogen. 
The  potato  appears  especially  unsuited  for  this  purpose ; 
5 lcgrms.  must  be  eaten  in  order  to  introduce  100  grms.  of 
proteid  into  the  stomach,  but  7 kgrms.  must  be  consumed  to 
allow  of  the  absorption  of  100  grms.  of  proteid.  English 
statisticians  do  in  fact  show  that  Irish  workmen,  who  live 
chiefly  on  potatoes,  eat  on  an  average  from  4 to  6'5  kgrms. 
each  daily.  This  appears  scarcely  credible.  The  person 
experimented  on  by  Bubner,*  a powerful  soldier,  who  was 
accustomed  to  take  large  quantities  of  potato  when  at  home 
in  the  Bavarian  Alps,  could  not  manage  more  than  from 
3 to  3’5  kgrms.,  although  this  monotonous  form  of  food 
was  prepared  in  various  ways,  with  salt  or  with  butter,  with 
vinegar  and  oil  as  a salad,  in  the  form  of  chips,  or  baked  ; 
and  although  the  man  was  eating  all  day  long.  The  potatoes 
he  ate  contained  only  71-5  grms.  of  proteid,  of  which  23-l 
grms.  remained  unabsorbed.  He  could  not,  therefore,  maintain 
his  balance  of  nitrogen,  as  he  gave  out  more  nitrogen  through 
the  kidneys  than  he  absorbed  from  the  intestines,  thus  using 
up  the  store  of  proteid  in  his  tissues ; i.e.  he  was  gradually 
dying  of  hunger.  A sceptical  observer  must,  however,  concede 
the  possibility  that  many  Irish  labourers  may  consume  5 
kgrms.  of  potatoes  and  maintain  their  nitrogenous  equilibrium. 
The  difference  in  individuals  is,  of  course,  very  great. 

I wish,  further,  to  point  out  that  such  a diet  can  be  better 
borne  by  adults  than  by  children.  Children  have  to  build 
up  their  organism,  and  to  form  a large  amount  of  proteid  ; 
adults  have  only  to  maintain  the  previous  store,  performing 
their  muscular  work  with  the  carbohydrates,  of  which  a 
superfluity  is  introduced  with  a potato-diet.  The  frightful 
mortality  among  children  of  the  lower  classes  is  perhaps 
largely  due  to  the  want  of  albumen  in  their  food. 

Among  the  more  important  articles  of  vegetable  food,  the 
* Rubner,  loc.  cit.,  vol.  xv.  p.  146. 
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leguminosse  contain  the  largest  amount  of  proteid.  A diet 
of  these,  if  properly  prepared,  maintains  nitrogenous  equili- 
brium. This  is  shown  by  the  experiments  Woroschiloff  * * * § 
made  upon  himself.  He  lived  for  thirty  days  entirely  upon 
peas,  bread,  and  sugar,  while  at  the  same  time  he  performed 
8528  kilogrammeters  of  work  per  hour,  for  the  space  of  one 
to  three  hours  a day,  and  yet  he  showed  no  loss  of  albumen. 
The  person  whom  Eubnerf  experimented  upon,  also  kept 
his  nitrogenous  equilibrium  on  a diet  of  peas. 

If  an  exclusively  vegetable  diet  proves  insufficient,  it  is 
perhaps  caused  less  by  the  want  of  albumen  than  by  the 
want  of  fat.  If  we  glance  at  Table  Y.  (p.  76),  we  see  that 
the  relation  of  carbohydrates  to  albumen  is  the  same  in  a 
diet  of  leguminosae  and  cereals  as  in  milk,  with  the  difference 
that  the  former  contain  much  less  fat  than  milk  does.  We 
should  hence,  ä priori,  expect  to  find  that  a man  could  exist 
very  well  upon  cereals  and  leguminosae,  with  the  addition 
of  fat,  or  perhaps  even  upon  cereals  and  fat  only.  Milk  is 
the  normal  food  of  the  infant,  not  of  the  adult.  The  adult 
requires,  as  I have  just  explained,  relatively  less  albumen 
and  more  carbohydrates.  We  might,  therefore,  conclude  that 
the  normal  food  of  the  adult  would  be  furnished  by  the 
proteid  and  carbohydrates,  in  the  proportion  met  with  in 
the  cereals,  and  that  this  diet  would  only  require  the  addition 
of  fat.  This  theory  appears  to  be  confirmed  by  experience. 
The  labourers  in  some  districts  of  Bavaria,  who  do  the 
hardest  work,  are  said  to  live  upon  a diet  prepared  from 
flour  and  lard.f  This  mode  of  living  would  be  the  ideal 
of  vegetarians  § if  the  fat  were  likewise  obtained  from  the 


* Woroschiloff,  loc.  cit.  f Rubner,  loc.  cit.,  vol.  xvi.  p.  125 : 18S0. 

% H.  Ranke,  “Die  bayr.  Landwirtschaft  in  den  letzten  10  Jahren.  Fest- 

gabe,” etc.,  p.  160:  München,  1872;  Liebig,  “ Sitzungsber.  d.  bayr.  Akad.,” 
p.  463  : 1869 ; Reden  and  Abhand.,  p.  121.  Compare  also  Ohlmüller,  Zeitschr.  f. 
Biolog .,  vol.  xx.  p.  393  : 1884. 

§ I have  published  a detailed  criticism  of  vegetarianism  in  a small  pamphlet, 
“Vegetarianism”  (Berlin,  Hirschwald:  1885). 
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vegetable  kingdom,  in  the  form  of  oil,  olives,  nuts,  cocoa. 
From  investigations  made  by  Panum  and  Buntzen,  it  appears 
that  even  a carnivorous  animal  can  be  nourished  on  cereals 
and  fat;  a dog  which  was  fed  exclusively  on  groats  and 
butter  could  be  kept  in  good  health  for  two  months  without 
loss  of  weight.*  Unfortunately,  this  experiment  lasted  much 
too  short  a time. 

The  fat  of  all  food  is  very  completely  absorbed,!  far  more 
so  than  the  proteids.  The  same  is  true  of  all  carbohydrates,! 
with  the  single  exception  of  cellulose.  This  was  held  to  be 
totally  indigestible  until  quite  recently,  when  it  was  proved 
by  experiments  on  ruminants  § at  the  farm-stations  kept 
for  investigations,  that  from  60  to  70  per  cent,  of  the  woody 
fibres  disappear  from  the  digestive  canal.  At  the  experi- 
mental farm  of  Tharand,  []  it  was  even  found  that  from  30  to 
40  per  cent,  of  the  cellulose  of  sawdust  and  paper  was 
absorbed,  when  mixed  with  hay  and  eaten  by  sheep.  Weiske  IT 
was  the  first  to  make  experiments  on  human  beings,  which 
he  earned  out  on  himself  and  on  another.  He  found  that 
one  of  them  digested  62'7  per  cent.,  the  other  47'3  per  cent., 
of  the  woody  fibres  in  the  food,  which  consisted  of  carrots, 
cabbage,  and  celery.  Later  on  Knieriem  **  made  experiments 
on  himself,  and  found  that  he  digested  25-3  per  cent,  of 
the  tender  woody  fibres  of  lettuce,  while  only  4‘4  per  cent, 
of  the  tougher  fibres  of  the  scorzonera.  The  latter  figure  is 
within  the  limits  of  unavoidable  error.  How  cellulose  under- 
goes solution  in  the  intestines,  we  shall  explain  further  on, 

* Jahresbericht  über  die  Fortschritte  der  Thierchemie,  vol.  iv.,  of  the  year  1874, 
p.  365:  Wiesbaden,  1875. 

t Rubner,  loc.  cit.,  vol.  xv.  p.  189.  J Rubner,  loc.  eit.,  p.  192. 

§ Haubner,  Zeitschr.  für  Landwirthschaft,  p.  177  : 1855 ; Henneberg  and 
Stahmann,  Beiträge  zur  Begründung  einer  rationellen  Fütterung  der  Wiederkäuer 
Hefti. : 1860;  Heft  ii. : 1863. 

||  “ Der  chemische  Ackersmann,”  pp.  51,  118  : 1860. 

H H.  Weiske,  Zeitschr.  f.  Biolog.,  vol.  vi.  p.  456  : 1870. 

* * V.  Knieriem,  “ Ueber  die  Verwerthung  der  Cellulose  im  thierischen  Organ- 
ismus. Festschrift:”  Riga,  1884.  Also  printed  in  the  Zeitschrift  f.  Bioloa. 
vol.  xxi.  p.  67  : 1885. 
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when  we  come  to  the  consideration  of  the  digestive  pro- 
cesses. 

Cellulose  can  scarcely  be  classed  among  the  food-sub- 
stances of  human  beings.  On  the  other  hand,  it  is  of  great 
importance  in  acting  as  a mechanical  stimulus  to  promote 
the  peristalsis  of  the  intestine.  For  this  reason  cellulose 
is  absolutely  essential  to  animals  with  a long  intestinal  tract. 
If  rabbits  are  fed  on  a diet  containing  no  cellulose,  the  onward 
movement  of  the  intestinal  contents  ceases,  inflammation  in 
the  intestines  ensues,  and  the  animals  rapidly  die.  But  if 
horn-parings  he  added  to  the  same  food,  nutrition  is  normal.* 
These  horn-parings  are,  as  Knieriem  proved  by  experiments 
devoted  to  that  purpose,  absolutely  undigested,  and  can 
therefore  only  have  taken  the  place  of  woody  fibre  in  so  far 
as  its  mechanical  properties  were  concerned.  Of  three  mice, 
fed  entirely  on  milk,  one  died  after  forty-seven  days,  of  intus- 
susception, as  dissection  showed. f 

The  following  are  the  details  of  a post-mortem  examination 
of  a rabbit  which  had  died  for  lack  of  cellulose : “ The 
stomach  only  contained  mucus,  and  showed  signs  of  incipient 
inflammation  in  the  region  of  the  pylorus;  the  small  intes- 
tine, full  of  mucus,  was  much  inflamed  throughout  its  whole 
length,  as  was  also  the  caecum.  The  latter  was  largely  filled 
with  excrement  of  the  consistency  of  putty,  which  adhered 
firmly  to  the  walls  and  folds  of  the  caecum.  The  difference 
between  these  contents  and  those  of  the  caecum  of  a normally 
fed  rabbit  is  very  noticeable,  for  here  the  mass  in  the  caecum 
is  pretty  loose,  falling  almost  completely  away  if  the  intestine 
be  bent  backwards,  and  this  loose  consistency  is  caused  only 
by  the  tough  fibres,  by  means  of  which  the  communication 
between  the  anus  and  the  stomach  is  kept  open.  This  could 
hardly  have  been  the  case  in  the  animal  which  died.”  t 

* Knieriem,  lor,,  cit.,  pp.  6,  17-19. 

f N.  Lunin,  “ Ueber  die  Bedeutung  der  anorganischen  Salze  für  die  Ernäh- 
rung des  Thieres,”  p.  15,  Dissert. : Dorpat,  1880.  Also  printed  in  the  Zeitschr.f. 
physiol.  Client.,  vol.  v.  p.  87 : 1881. 

J Knieriem,  loc.  cit.,  p.  17. 
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The  short  intestine  of  carnivora  does  not  require  a 
mechanical  stimulus  to  produce  peristaltic  action.  The 
intestine  of  human  beings  is  well  known  to  be  of  medium 
length ; a man’s  life,  therefore,  is  not  endangered  by  depriva- 
tion of  cellulose,  although  the  normal  movement  of  the 
intestine  might  be  thereby  impeded.  The  muscular  wall 
of  the  intestine  becomes  atrophied  like  every  other  muscle, 
if  it  has  no  work  to  do.  We  must  therefore  see  that  the  diet 
of  human  beings  does  not  lack  woody  fibres.  The  excessive 
fear  of  indigestible  food  which  prevails  among  the  wealthier 
classes  may  lead  to  universal  debility  of  the  intestinal 
muscular  walls.  Habitual  constipation  would  perhaps  not 
be  such  a common  trouble,  if  we  were  accustomed  from  our 
childhood  to  a dietary  containing  a sufficient  supply  of  woody 
fibres.  Of  late  years  whole-meal  bread,  which  is  rich  in 
cellulose,  has  been  a successful  remedy  for  chronic  constipa- 
tion. It  is  well  known  that  an  exclusive  milk-diet  may 
occasion  constipation. 

On  the  other  hand,  it  is  urged  that  the  rapid  and  continual 
movement  of  the  intestinal  contents  in  consequence  of  the 
irritating  action  of  the  woody  fibres  has  one  drawback — the 
incomplete  utilization  of  the  food.  Fr.  Hofmann  showed 
that  the  addition  of  cellulose  diminishes  the  nutritive  value  of 
meat.*  At  the  same  time,  it  appears  to  me  that  the  advantages 
of  food  containing  cellulose  far  outweighs  the  drawbacks. 

The  following  table  shows  the  amount  of  cellulose  con- 
tained in  the  most  important  vegetables  used  as  food  by  man ; 
from  a dietetic  point  of  view  this  is  not  without  interest. 

Percentage  of  Cellulose  in  various  Articles  of  Diet  in  a 
Natural  State.! 

Cellulose.  Water. 

Rice  flour 0-2  . . . . 13  0 

Wheat  flour  (fine)  . . . . . . 0 3 . . . . 13’0 

Cucumber 0-6  . . . . 96'0 


* Voit,  Sitzungeber,  derbayr.  Alead.  : December,  1869. 
t The  average  figure,  taken  from  König’s  work  previously  quoted. 
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Rice 

Cellulose. 
. 0-6 

Water. 

130 

Onion 

07 

. , 

86-0 

Potato 

. 0-8 

. . 

75-0 

Cauliflower 

0-9 

. . 

91-0 

Asparagus  . . 

10  .. 

. . 

940 

Cairots 

10  .. 

s • 

89-0 

Melon 

11  .. 

90-0 

Mushroom . . 

14  .. 

. , 

910 

Rye  meal  . . 

. 1-6 

. • 

140 

Apple  (including  pips) 

. 15  .. 

. . 

85-0 

Radish 

. 1-6  .. 

. , 

87-0 

Cabbage  . . 

1-8  .. 

• • 

90-0 

Green  peas 

. 1-9  .. 

• . 

78-0 

Rye 

. 20 

. . 

15'0 

Strawberries 

. 2-3  . . 

. . 

880 

Maize 

. 2-5  .. 

. . 

130 

Wheat 

. 2-5 

. . 

14-0 

Horseradish 

. 2-8 

7,7-0 

Lentils 

. 30 

• , 

12-0 

Hazel-nut 

. 3-3 

. . 

3-8 

Beans 

. 3-6 

. . 

14-0 

Grapes  (including  pips) 

. 3-6 

. . 

78-0 

Pears  (including  pips) 

. 4-3 

• • 

83-0 

Barley 

. 5-3 

• . 

140 

Walnut 

. 6-2 

. . 

4-7 

Almonds  . . 

. 6-6 

, , 

54 

Raspberries 

. 6-7  . . 

• . 
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Percentage  op  Cellulose  in  Dried  Articles  op  Diet. 


Rice  flour.. 

Cellulose. 
..  0-2 

Spinach  . . 

Cellulose. 
..  8-1 

Wheat  flour  (fine) 

..  0-4 

Green  peas 

8-7 

Rice 

..  0-7 

Carrot 

..  8-8 

Rye  meal  . . 

..  1-8 

Apples 

..  io-o 

Rye 

..  2-4 

Radish 

. . 120 

Wheat 

■ . . 2-9 

Horseradish 

..  120 

Maize 

..  2-9 

Cauliflower 

. . 130 

Potato 

..  3-1 

Cucumber 

. . 140 

Hazel-nut 

..  3-4 

Mushroom 

. . 160 

Lentils 

..  41 

Asparagus 

. . 170 

Beans 

..  4-1 

Cabbage  . . 

..  180 

Onion 

..  50 

Strawberries 

. . 19-0 

Barley 

..  6-2 

Melon 

. . 22-0 

Peas 

..  6-4 

Pears 

. . 25-0 

Walnut  .. 

..  6-5 

Raspberries 

. . 47  0 

Almond  . . 

..  6-9 

The  amount  of  carbohydrates  and  fats  required  for  our  daily 
nutrition  cannot  be  determined,  as  they  may  either  replace 
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each  other  or  be  replaced  by  albumen.  Experience  has 
taught  us  that  working  men  who  are  able  to  obtain  sufficient 
food,  eat  daily  from  50  to  200  grms.  of  fat,  and  from  300  to 
800  grms.  of  carbohydrates,  besides  from  120  to  150  grms.  of 
albumen.  Tables  V.  and  YI.  (p.  76)  show  us  how  we  can 
combine  such  articles  of  nutrition  in  the  most  varied  ways. 
The  food  must  be  more  abundant  in  carbohydrates  in  pro- 
portion to  the  work  performed  by  the  muscles,  and  more 
abundant  in  fat  according  to  the  lowering  of  the  surrounding 
temperature.  Travellers  in  the  far  north  relate  that  they 
were  glad  to  adopt  the  habit,  prevalent  among  the  natives  in 
those  regions,  of  eating  a pound  of  butter  or  oil  in  the  day, 
and  that  the  distaste  for  large  quantities  of  fat  returned  as 
soon  as  they  reached  warmer  climates.  On  the  other  hand, 
the  negroes  in  the  plantations  of  the  tropics,  while  doing  the 
hardest  muscular  work,  thrive  on  a dietary  poor  in  fat,  but 
very  rich  in  carbohydrates. 


( 86  ) 


LECTURE  VI. 

CONCLUSION  OF  ORGANIC  FOOD-STUFFS — THE  COMPOUNDS  OF 
PHOSPHORUS  AND  IRON. 

In  the  previous  chapters  we  have  become  acquainted  with 
those  organic  substances  which,  according  to  the  doctrines 
of  physiology  now  prevailing,  are  requisite  for  the  nutrition 
of  man.  But  they  are  probably  much  more  numerous. 

Certain  phosphorus  compounds  should  also  probably  be 
regarded  as  essential  organic  food-substances  of  man.  In 
all  animal  and  vegetable  tissues,  and  in  every  cell,  we  find 
two  complex  organic  compounds,  which  are  very  rich  in 
phosphorus,  lecithin  and  nuclein. 

The  lecithins  are  compounds  which  we  may  regard  as 
having  been  formed  from  the  union  of  one  molecule  of 
glycerine  wich  two  molecules  of  a fatty  acid  (stearic  acid, 
palmitic  acid,  or  oleic  acid),  one  molecule  of  phosphoric  acid 
and  one  molecule  of  neurin,  with  the  loss  of  four  molecules 
of  water.  The  constitution  of  this  complex  molecule  has  not 
yet  been  accurately  determined ; it  is  possible  that  there  may 
be  several  isomeric  combinations  of  the  above  constituents. * 
Neurin  is  an  ammonium  base,  the  composition  of  which 
is  accurately  known.  When  heated,  it  splits  up  into  glycol 
(ethylene  alcohol)  and  trimethylamin.  Its  synthesis  corre- 
sponds with  this  decomposition  : Wurtz  t produced  it  by  the 

* Vide  Diakonow,  Centralb.  f.  d.  med.  Wissensch,  Nos.  1,  7,  28:  1868.  Hoppe- 
Seyler,  Med.  ehern.  Unters .,  Heft  ii.  p.  221:  1867;  and  Heft  iii.  p.  405:  1868; 
Strecker,  Ann.  Ghem.  Pharm.,  vol.  cxlviii.  p.  77:  1868;  Hundeskagen,  “Zur 
Synthese  des  Lecithins,”  Inaug.  Dissert. : Leipzig,  1883. 

f Wurtz,  Ann.  Chem.  Pharm.,  Suppl.  vi.  pp.  116,  197:  1868.  Compt.  rend., 
t.  lxv.  p.  1015 : 1867  ; and  t.  lxvi.  p.  772  : 1868. 
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action  of  ethylene  oxide  and  water  on  trimethylamin.  The 
formula  of  neurin  is  therefore — 

/CH3 

ch3 
n]ch3 
/ch2  ch2oh 

\0R 

In  the  animal  kingdom,  neurin  has,  up  to  the  present  time, 
only  been  found  in  lecithin.  It  was  first  obtained  by 
Strecker  * from  the  bile,  which  contains  lecithin,  and  hence 
it  was  called  cholin.  Liebreicht  found  it  among  the  pro- 
ducts of  decomposition  of  phosphorus  compounds  from  nerve - 
substance  (brain) ; he  therefore  called  it  neurin.  Diakonow 
showed  that  neurin  was  a product  of  decomposition  of 
lecithin.  In  the  tissues  of  plants,  neurin  is  found  in  other 
combinations  as  well  as  in  lecithin.  In  mustard  seed  there 
is  an  alkaloid  (sinapin)  which,  on  boiling  with  alkalies,  is 
resolved  into  sinapic  acid  and  neurin.  Two  alkaloids  have 
been  obtained  by  Schmiedeberg  and  his  pupils  l from  the 
Amanita  muscaria—  amanitin  and  muscarin,  the  former  of 
which  was  found  to  be  identical  with  neurin.  The  latter,  a 
violent  poison,  differs  from  amanitin  only  in  possessing  one 
more  atom  of  oxygen.  In  fact,  by  the  action  of  boiling  nitric 
acid  on  neurin  (the  neurin  being  taken  indifferently  from 
amanita,  from  the  lecithin  of  the  brain  or  of  yolk  of  egg,  as 
well  as  that  synthetically  produced),  an  alkaloid  containing 
one  more  atom  of  oxygen  was  successfully  obtained,  which 
acted  poisonously  in  a similar  manner  to  muscarin ; the  action 
on  the  heart,  in  particular,  being  alike  in  both  cases.  This 

* Strecker,  Ann.  Chem.  Pharm.,  vol.  cxxiii.  p.  353 : 1862 ; vol.  cxlviii.  p.  76 : 
1868. 

t Liebreich,  ibid.,  vol.  cxxxiv.  p.  29  : 1865. 

X Schmiedeberg  and  Koppe,  “Das  Muskarin,  das  giftige  Alkaloid  des 
Fliegenpilzes : ” Leipzig,  1869 ; E.  Harnack,  Arch.  f.  cxper.  Path.  u.  Pharm., 
vol.  iv.  p.  168:  1875;  Schmiedeberg  and  Harnack,  Arch.  f.  exper.  Path.  u. 
Pharm.,  vol.  vi.  p.  101  : 1876. 
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intimate  connection  between  a substance  contained  in  every 
animal  and  vegetable  cell  and  a powerful  poison,  is  a fact 
of  great  interest.  According  to  the  more  recent  researches 
of  Boehm,*  however,  the  muscarin,  artificially  produced  by 
oxidation  of  neurin,  is  not  identical  with  the  muscarin  in 
the  amanita,  but  is  isomeric ; the  pharmacological  action  is 
different.  Boehm  found  neurin  in  other  fungi,  and  obtained 
it  in  large  quantities  from  the  residue  of  crushed  cotton 
seeds  and  beech-nuts. 

Lecithins  have,  in  common  with  fats,  to  which  they  are 
so  nearly  allied  in  composition,  the  property  of  solubility 
in  alcohol  and  ether ; they  are  also  miscible  in  every  pro- 
portion with  fats ; but  at  the  same  time,  they  have  the  power 
of  swelling  and  becoming  slimy  in  water.  For  this  reason, 
they  appear  to  be  peculiarly  adapted  for  aiding  the  inter- 
action of  watery  solutions  and  substances  not  soluble  in 
water,  and  to  take  part  in  the  most  various  chemical  pro- 
cesses in  the  tissues.  But  at  present  we  know  absolutely 
nothing  about  the  part  which  the  lecithins  may  play  in  any 
of  the  vital  functions. 

The  next  question  which  must  occupy  our  attention  is, 
whether  the  lecithins  of  our  tissues  are  produced  from  the 
lecithins  of  food,  or  by  synthesis  from  other  materials, 
such  as  fat,  albumen,  and  phosphoric  acid.  It  has  been 
ascertained,  from  experiments  in  Hoppe- Seyler’s  laboratory,! 
that,  in  artificial  pancreatic  digestion,  the  lecithins  take  up 
water  and  readily  split  up  into  glycerinphosphoric  acid,  fatty 
acids,  and  neurin.  It  is  not  yet  known  whether  this  decom- 
position is  complete  in  the  case  of  normal  digestion,  or 
whether  a portion  is  absorbed  undecomposed,  and,  if  so, 
how  large  a portion ; whether  only  the  undeeomposed  part, 
when  absorbed,  can  be  utilized  in  the  building  up  of  the 
tissues,  or  whether  the  products  of  decomposition  which  are 

* Boehm,  Arrh.f.  cxper.  Path  u.  Pharm.,  vol.  xix.  p.  87:  1885. 

f A.  Bdkay,  Zeit  sehr.  f.  p'rynol.  Chem.,  vol.  i.  p.  157  : 1877. 
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absorbed  again  become  united ; whether,  finally,  lecithin 
may  also  be  formed  from  other  material.  The  absorption 
of  lecithin  or  of  its  products  of  decomposition  is  in  any  case 
complete ; neither  lecithin  nor  glycerinphosphoric  acid  can 
ever  be  found  in  the  feces.  The  presence  of  lecithin  in 
milk  * seems  to  show  how  essential  that  substance  is  in 
nutrition. 

The  generic  name  of  nuclein  t has  been  bestowed  upon 
a large  number  of  very  different  organic  phosphorus  com- 
pounds, which  are  to  be  found  in  all  animal  and  vegetable 
tissues,  being  especially  abundant  in  the  nuclei  of  cells. 
The  nucleins  have  as  yet  been  little  investigated,  and  we 
have  no  proof  that  the  pure  substances  hitherto  isolated 
are  chemical  entities.  All  are  alike  in  being  insoluble  in 
alcohol,  ether,  water,  and  dilute  mineral  acids,  and  in  being 
soluble  in  alkalies.  The  phosphorus  is  given  off  from  them 
all,  as  phosphoric  acid,  on  boiling  with  water,  and  more 
rapidly  so,  on  boiling  with  alkalies  or  acids.  But  the  organic 
substances  which  are  combined  with  the  phosphoric  acid 
appear  to  be  of  very  varying  character,  and  have  been  but 
little  investigated.  Most  nucleins  are  proteid  compounds, 
although  a few  do  not  contain  albumen.  Many,  on  splitting 
up,  produce  hypoxanthin  and  guanin — crystalline  compounds 
rich  in  nitrogen,  which  we  shall  describe  more  at  length 
when  we  consider  the  chemistry  of  urine.  The  preparations 
of  nuclein,  hitherto  analyzed,  contained  from  3-2  to  9-6  per 
cent,  of  phosphorus. 

The  nucleins  have  much  the  same  solubility  as  proteids, 

* Tolmatscheff,  Med.  chem.  Unters.,  von  Hoppe-Soyler,  Heft  ii.  p.  272  : 1867. 

t The  nucleins  were  first  discovered  and  investigated  by  Miescker  in  the 
nuclei  of  pus-corpuscles,  and  subsequently  in  the  yolk  of  egg  and  salmon-roe 
(Med.  chem.  Unters.,  edited  by  Hoppe-Seyler,  Heft  iv.  pp.  Ill,  502  : 1871  ; 
Verhandlungen  der  natur for sehenden  Gesellschaft  zu  Basel,  vol.  vi.  p.  138  : 1874). 
The  most  recent  and  complete  experiments  on  nucleins  were  made  by  Kossel, 
Zeitschr.  f.  physiol.  Chem.,  vol.  iii.  p.  284:  1879;  vol.  iv.  p.  290:  1880;  vol.  v. 
pp.  152,  267:  1881;  “Untersuchungen  über  die  Nucleine:”  Strassbur"-,  1881  ; 
Zeitschr.  f.  physiol.  Chem.,  vol.  vi.  p.  422  : 1882;  vol.  vii.  p.  7 : 1882. 
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and  are  found  united  with  these  in  the  same  morphological 
structures,  but  they  can  be  separated  by  artificial  gastric 
digestion  (Lectures  IX.  and  X.) : the  proteids  are  peptonized ; 
the  nucleins,  on  the  other  hand,  are  little  affected  by  the 
gastric  juice.  It  appears  that  the  nucleins  mostly  occur  in 
the  tissues,  not  in  a free  state,  but  as  compounds  with 
albumen  (nucleoalbumens),  and  perhaps  also  with  lecithin, 
and  that  gastric  digestion  separates  them  from  these  bodies. 

We  know  nothing  concerning  the  import  of  nucleins  in 
any  vital  functions. 

Whether  the  nucleins  of  our  tissues  arise  from  the  nucleins 
of  food,  in  which  case  the  nucleins  would  rank  among  the 
number  of  essential  food-substances,  or  whether  the  nucleins 
are]  formed  in  the  body  by  synthesis,  is  a question  of  great 
importance,  about  which  as  little  is  known  as  concerning 
the  mode  in  which  the  lecithins  originate.  The  occurrence 
of  nucleins  in  milk  * seems  to  point  to  the  former  supposition 
as  the  correct  one,  whereas  the  slight  digestibility  of  the 
nucleins  would  lead  us  to  the  latter  conclusion.  The  experi- 
ments carried  out  in  Hoppe- Seyler’s  laboratory  t showed  that 
nuclein  is  as  little  affected  by  artificial  pancreatic,  as  by 
artificial  gastric,  digestion.  Nuclein  was  found  in  abundance 
in  the  faeces  of  dogs.  A quantitative  determination  of  the 
comparative  amounts  of  nuclein  in  food  and  in  the  faeces 
has  not  yet  been  made,  and  it  is  therefore  not  yet  known 
whether  the  nucleins  are  absolutely  indigestible,  or  whether 
a part,  and,  if  so,  how  much,  is  absorbed. 

The  following  observation,  made  by  Miescher  J on  Rhine 


* Nuclein  was  proved  to  be  a constituent  of  milk  by  Lubavin  (Hoppe-Seyler’s 
Med.  chem.  Unters.,  Heft  iv.  p.  463  : 1871 ; Ber.  d.  deutsch,  chem.  Ges.,  vol.  x.  p. 
2237  : 1877  ; and  vol.  xii.  p.  1021 : 1879).  Hammarsten  showed  that  nuclein  is 
contained  in  milk  as  nucleoalbumen  ( Zeitschr . /.  physiol.  Chem.,  vol.  vii.  p.  227  • 
1883). 

t Bokay,  Zeitschr.  f.  physiol.  Chem.,  vol.  i.  p.  157  : 1877. 

X Miescher,  “ Statistische  u.  biologische  Beiträge  zur  Kenntniss  vom  Leben 
des  Rheinlachses,”  Separatabdruck  aus  der  schweizerischen  Literatursammlung 
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salmon,  proves  that  the  nucleins  as  well  as  the  lecithins 
arise  in  the  animal  body  by  synthesis.  The  salmon  travel 
up  the  river  every  year  from  the  sea  to  spawn  in  the  Upper 
Ehine.  During  the  journey,  the  ovary  grows  from  6’4  to 
19'27  per  cent,  of  the  salmon’s  entire  weight.  These  journey- 
ings  last  from  four  to  fourteen  weeks.  During  the  whole 
of  this  time  they  take  no  food  ; the  intestinal  canal  is  always 
found  empty.  The  material  which  goes  to  form  the  ovaries 
can  only  be  produced  by  the  muscles,  which  constitute  the 
bulk  of  the  fish’s  weight.  Miescher  showed  by  comparative 
determinations,  made  on  fish  of  equal  size,  that  the  muscles 
disappear  in  proportion  as  the  ovaries  develop,  and  that  the 
loss  in  weight  of  the  large  lateral  trunk-muscles  is  sufficient 
to  cover  the  increase  in  weight  of  the  ovaries.  Now,  the 
ova  are  very  rich  in  lecithin  and  nuclein;  the  muscles, 
however,  are  poor  in  these  compounds.  But  the  muscles 
contain  phosphoric  acid  in  abundance  in  another  form, 
probably  as  potassium  salts,  loosely  united  with  proteids. 
Miescher  therefore  concludes  that  the  new  compounds, 
characteristic  of  the  egg,  are  formed  from  the  proteid,  the 
fat,  and  the  phosphates  of  the  muscles,  a profound  chemical 
rearrangement  taking  place. 

Perhaps  Cholesterin  also  belongs  to  the  organic  food- 
stuffs essential  to  man.  Like  the  lecithins  and  nucleins,  it 
is  a normal  constituent  of  all  vegetable  and  animal  tissues 
and  of  milk.*  Neither  do  we  know  whether  cholesterin  is 
formed  only  in  the  plant,  and  enters  the  animal  body  either 
directly,  in  the  form  of  vegetable  food  (in  the  case  of  herbi- 
vora),  or  indirectly  (in  the  case  of  carnivora),  or  whether  it 
is  formed  from  other  material  contained  in  the  animal  body. 
Cholesterin  is,  like  lecithins  and  fats,  insoluble  in  water,  and 

zur  internationalen  Fischerei- Ausstellung  in  Berlin,  p.  183 : 1880 ; and  Arch. 
/.  Anat.  u.  Physiol. : 1881  ; Anat.  Abth.,  p.  193. 

* Tolmatscheff,  Med.  chem.  Unters.,  von  Hoppe-Seyler,  Heft  ii.  p.  272  : 1867  ; 
and  Schmidt-Mülheim,  Pflüger’s  Arch.,  vol.  xxx.  p.  384  : 1883. 
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soluble  in  ether  and  alcohol,  hut  is  distinguished  from  them 
by  its  insolubility  in  boiling  potash ; it  cannot  be  saponified, 
as  it  is  not  an  ethereal  salt,  but  a monohydric  alcohol  with 
the  composition  C25H41OH  + ELO.  The  chemical  constitu- 
tion of  this  compound  is  not  known.  We  are  still  in  com- 
plete ignorance  concerning  the  physiological  significance  of 
cholesterin. 

Finally,  there  are  certain  compounds  of  iron,  which  belong 
to  the  food-substances  necessary  to  man. 

The  body  contains  no  small  amount  of  iron.  From  the 
ash  of  whole  animals,  I have  found  * the  following  quantities 
of  iron  per  kilogramme  of  body-weight : — 

Young  rabbit,  14  days  old  . . . . . . . . 0-044  grm.  Ee. 

Young  cat,  19  days  old  0-047  „ „ 

If  we  assume  the  human  organism  to  contain  the  same 
proportion  of  iron,  a body  weighing  7 0 kgrms.  would  have  from 
3'1  to^^grms.  of  iron.  The  greater  part  of  the  iron  in  our 
body  is  contained  in  the  blood,  in  the  form  of  a complex 
organic  compound,  haemoglobin.  Our  body  contains,  accord- 
ing to  Bischoff’s  t determination,  from  7'1  to  7'7  per  cent,  of 
blood ; and  the  blood,  according  to  C.  Schmidt,  + from  0'049 
to  0'051  per  cent.  Fe,  and  this  almost  exclusively  as  haemo- 
globin. The  amount  of  other  combinations  of  iron  in  the 
blood  is  relatively  very  small.  Hence  it  is  computed  that  the 
quantity  of  iron  in  the  blood  of  a man  weighing  70  kgrms. 
is  from  2'4  to  2*7  grms. 

We  now  arrive  at  the  consideration  of  the  question  as  to 
how  the  haemoglobin  of  the  blood  is  formed.  The  food  of 
most  vertebrates  contains  no  haemoglobin,  which  is  com- 
pletely absent  from  the  food  of  all  herbivora.  Moreover,  it 
is  absent  from  the  food  of  those  carnivora  which  feed  on 

* Bunge,  Zeitschr.  f.  Biolog.,  vol.  x.  pp.  319-323 : 1874. 

t Th.  L.  W.  Bischof!',  Zeitschr.  f.  Wissensch.  Zoolog.,  vol.  vii.  p.  331 : 1S55 ; 
and  vol.  ix.  p.  65  : 1857. 

$ C.  Schmidt,  “ Charakteristik  der  epidemischen  Cholera,'’  pp.  30, 33 : Leipzig 
and  Mitau,  1850. 
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invertebrate  animals,  traces  of  haemoglobin  being  found  only- 
in  a very  few  invertebrata.*  Therefore,  the  carnivora  which 
live  on  vertebrates  are  almost  the  only  animals  which  intro- 
duce haemoglobin  into  their  digestive  canals.  But  even  here 
it  is  probable  that  the  haemoglobin  is  not  formed  from  the 
haemoglobin  of  the  food.  Haemoglobin  splits  up  rapidly  under 
the  action  of  the  digestive  ferments,  the  iron  separating  as 
haematin.  It  is  not  known  whether  a part  of  the  haematin 
becomes  absorbed,  as  no  quantitative  experiments  have  yet 
been  made  to  decide  this  point.  In  any  case,  haematin 
appears  abundantly  in  the  faeces  after  a diet  containing  a 
quantity  of  haemoglobin. 

How,  then,  is  the  haemoglobin  formed  ? 

As  inorganic  salts  of  iron  were  found  in  the  ash  of  all 
articles  of  food,  it  was  concluded  that  the  iron  was  contained 
in  our  food  as  a salt,  and  it  was  taught  that  haemoglobin  arose 
by  synthesis  from  an  iron  salt  and  albumen.  This  opinion 
was  strengthened  by  the  success  thought  to  be  attained  in  the 
treatment  of  chlorosis  with  inorganic  preparations  of  iron. 

No  satisfactory  scientific  proof  of  the  efficacy  of  iron  as 
a cure  for  chlorosis  has  yet  been  afforded.  Chlorosis  is  well 
known  to  be  a malady  which  frequently  disappears  without 
medical  aid.  Proof  that  a deficiency  in  haemoglobin  is  more 
rapidly  cured  by  giving  preparations  of  iron,  could  only 
be  furnished  by  statistics.!  But  no  reliable  and  satisfactory 
material  for  statistics  has  yet  been  collected  ; in  fact,  it  would 
be  a very  difficult  matter  to  do  so,  as  the  malady  is  seldom 
treated  in  hospitals.  Quite  recently  it  was  thought  possible 

* E.  Ray  Lankester,  Pfliiger’s  Arch.,  vol.  iv.  p.  315  : 1871 ; and  Proceedings  of 
Hoy.  Soc.,  No.  21,  p.  70  : 1872. 

t In  this  connection,  read  0.  Liebermeister,  “Ueber  Wahrscheinlichkeitsrech- 
nung in  Anwendung  auf  therapeutische  Statistik,”  in  R.  Yolkmann’s  Sammlung 
klinischer  Vorträge , No.  110 : 1877  ; Ed.  Hagenbach-Bischoff,  “ Die  Anwendung 
der  Wahrscheinlichkeitsrechnung  auf  die  therapeutische  Statistik  und  die 
Statistik  überhaupt,”  Verhandl.  d.  naturforschenden  Ges.  in  Basel,  th.  6.  Heft  iii. 
p.  516:  1878;  A.  Fick,  “ Medicinischo  Physik.”  Braunschweig:  1885;  Anhang: 
“ Ueber  Anwendung  der  Wahrscheinlichkeitsrechnung  auf  medicinischo  Statistik.” 


94 


LECTURE  VI. 


to  trace  a closer  causal  connection  between  the  internal 
administration  of  preparations  of  iron  and  the  increase  of 
haemoglobin,  by  counting  the  blood  - corpuscles  before  and 
after  the  iron  was  taken,  or  by  photometrically  estimating 
the  amount  of  haemoglobin  in  the  blood.  But  it  is  overlooked 
that  in  this  way  only  the  post  hoc,  and  never  the  propter  hoc, 
can  be  proved.*  The  post  hoc  may  be  more  readily  and 
more  simply  recognized  by  the  increased  redness  of  cheeks, 
ears,  and  gums.  The  propter  hoc  can  only  be  proved  by 
statistics,  and  these  have  not  yet  been  furnished. 

It  is,  nevertheless,  noteworthy  that  there  are  few  remedies 
of  the  efficacy  of  which  almost  all  physicians  are  so  firmly 
convinced,  as  of  that  of  iron  in  cases  of  chlorosis.  Nor  is 
it  one  of  those  remedies  which  are  recommended  one  day, 
considered  infallible  the  next,  and  forgotten  again  in  a short 
time.  The  administration  of  iron  is  as  old  as  the  history  of 
medicine  itself.  Even  those  sceptics  who  doubt  the  value 
of  all  other  drugs  believe  in  it,  and  assure  us  that  chlorosis, 
which  is  frequently  of  so  obstinate  a nature,  will  almost 
invariably  yield  in  a few  weeks  to  a vigorous  treatment  with 
iron.f 

Even  if  we  acknowledge  that  there  is  a causal  connection 
between  the  internal  administration  of  preparations  of  iron 

* It  must,  moreover,  be  considered  that  the  increase  or  diminution  of  the 
absolute  amount  of  haemoglobin  in  the  total  blood  can  never  be  determined  by 
estimates  of  the  quantity  of  haemoglobin  in  a minute  quantity  of  the  blood. 
There  may  be  the  same  absolute  amount  of  blood-corpuscles,  and  yet  their  number 
may  vary  greatly  in  the  microscopic  quantity,  because  the  contents  of  the  whole 
vascular  system  are  constantly  undergoing  very  considerable  fluctuations,  whereby 
a part  of  the  plasma  flows  backwards  and  forwards  from  the  vascular  system  into 
the  lymph-spaces.  The  relative  proportion  of  the  blood-corpuscles  to  the  plasma 
may  be  altered  without  any  change  in  the  absolute  amount  of  corpuscles  in  the 
vessels  taking  place.  Compare  Andreesen,  “ Ueber  die  Ursachen  der  Schwan- 
kungen im  Verhältnissder  rothen  Blutkörperchen  zum  Plasma,”  Dissert.:  Dorpat, 
1883. 

t It  must  be  granted  that  it  would  be  quite  possible  for  an  unprejudiced 
observer,  with  a good  memory,  to  collect  ample  material  for  statistics,  and  to 
draw  from  them  correct  and  logical  conclusions,  without  having  published  a 
statistical  proof.  In  other  practical  departments  which  have  to  do  with  the 
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and  the  increase  of  hemoglobin  in  chlorosis,  it  still  remains 
an  open  question  whether  the  connection  is  of  so  direct  and 
simple  a nature  as  is  usually  imagined.  Do  the  preparations 
of  iron  really  produce  the  material  for  the  formation  of 
hemoglobin  ? Or  does  the  iron  operate  indirectly,  by  helping 
on  the  formation  of  haemoglobin,  or  by  hindering  its  destruc- 
tion ? 

The  theory  that  the  preparations  of  iron  are  used  in  the 
formation  of  haemoglobin  is  open  to  the  following  objections. 

In  the  first  place,  we  do  not  know  whether  the  inorganic 
preparations  of  iron  are  in  any  degree  absorbed.  Most 
careful  experiments  were  made  by  Hamburger,*  on  a dog, 
in  order  to  decide  this  question.  A biliary  fistula  was  first 
formed ; but,  unfortunately,  the  attempt  to  collect  the  bile  had 
to  *be  abandoned,  because  it  would  only  flow  spasmodically, 
and  the  feces  were  not  free  from  bile.  The  dog,  which 
weighed  8 kgrms.,  was  given  300  grms.  of  meat  a day,  con- 
taining 15  mgrms.  Fe.  It  had  thus  taken  180  mgrms.  Fe  in 
twelve  days,  the  duration  of  the  experiment.  Of  this  amount, 
38'4  appeared  in  the  urine,  136-3  in  the  feces,  and  D8  in  the 
bile;  altogether  176’5  mgrms.  During  the  subsequent  nine 
days,  49  mgrms.  Fe,  in  the  form  of  sulphate  of  iron,  were 
added  to  the  previous  diet.  At  the  end  of  these  nine  days, 
the  first  allowance  of  meat  was  resumed  for  four  more  days. 
In  the  thirteen  days,  therefore,  195  mgrms.  were  taken  in  the 
meat,  and  441  as  sulphate  of  iron ; altogether  636.  The 
quantity  excreted  amounted  to  58’4  in  the  urine,  549’2  in 
the  feces,  0‘8  in  the  bile ; altogether  608’4. 

The  increase  of  excretion  in  the  urine  is  very  inconsider- 
able. Before  the  sulphate  of  iron  was  given,  the  average 

intricate  phenomena  of  life — such  as  farming,  landscape  gardening,  the  rearing 
of  cattle,  hunting,  fishing — thousands  of  observations  are,  as  a matter  of  fact, 
made  in  this  way,  and  subsequently  confirmed  by  science.  On  the  other  hand, 
in  science  we  are  fully  justified  in  not  accepting  a conclusion  until  the  grounds, 
upon  which  that  conclusion  is  based,  are  laid  before  us. 

* E.  W.  Hamburger,  Zeitxchr.  f.  physiol.  Chem.,  vol.  ii.  p.  191 : 1878. 
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daily  excretion  of  iron  in  the  urine  amounted,  during  the  last 
six  days,  to  3-6  mgrms.  This  quantity  remained  unaltered  for 
the  first  five  days  after  sulphate  of  iron  was  given ; during 
the  next  six  days  it  increased,  on  an  average,  to  2 mgrms. 
a day — altogether,  therefore,  to  12  mgrms. — after  which  it 
returned  to  the  normal  amount.  In  a second  experiment, 
carried  out  in  the  same  way,  Hamburger  obtained  a like  result. 

The  differences  between  supply  and  discharge  do  not 
justify  any  conclusion,  as  they  are  exposed  to  unavoidable 
sources  of  error  in  experimentation.  Neither  can  any  decisive 
deduction  be  drawn  from  the  small  increase  of  excretion  in 
the  urine.  It  is  noteworthy  that  in  both  experiments,  the 
slight  increase  of  excretion  did  not  appear  for  several  days. 
This  fact  perhaps  points  in  the  same  direction  as  the  results 
of  the  experiments  of  Robert  * and  Cahn  | on  the  absorption 
of  manganese  salts.  From  them  it  appears  that  the  healthy 
epithelium  of  the  intestine  does  not  allow  the  manganese  salts 
to  pass,  and  that  the  latter  do  not  get  into  the  organism  until 
the  epithelium  has  been  corroded. 

It  would  follow  that  combinations  of  iron  are  not  absorbed 
at  all. 

A sceptical  observer,  however,  would  not  be  satisfied  with 
this  conclusion.  He  would  first  object  that  perhaps  the 
amount  of  iron  required  by  the  organism  for  the  formation  of 
haemoglobin  is  so  small  that  it  is  open  to  the  errors  of  a 
quantitative  experiment  on  metabolism.  He  would,  more- 
over, object  that  it  does  not  necessarily  follow  that  iron  is 
unabsorbed  because  there  is  no  increased  excretion  of  iron  by 
the  kidneys,  for  it  is  possible  that  the  iron  may  be  absorbed, 
but  eliminated  in  some  other  way.  The  question  of  the 
absorbability  of  compounds  of  iron  cannot  be  decided  until 
the  preliminary  question  concerning  the  mode  by  which  the 
iron  is  excreted  has  been  settled. 

* Kobert,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  xvi.  pp.  378-380  : 1883.  i 

t Calm,  ibid.,  vol.  xviii.  pp.  141-143 : 18S4. 


TIIE  ORGANIC  FOOD-STUFFS — ABSORPTION  OF  IRON.  97 


The  amount  of  iron  which,  under  normal  conditions,  appears 
in  the  urine  is  always  very  small.  On  the  other  hand,  it  is 
found  in  abundance  in  the  faeces.  But  it  remains  undecided 
how  much  of  this  iron  is  unabsorbed  and  how  much  is  iron 
which  has  been  re-excreted  into  the  intestine.  The  amount 
of  iron  must  therefore  be  estimated  in  the  faeces  of  fasting 
animals.  Bidder  and  Schmidt  * found  in  the  urine  of  a 
fasting  cat  from  (T0014  to  0‘0017  grm.  Fe  daily,  and  from 
six  to  ten  times  as  much  in  the  faeces.  The  question  arises, 
by  what  path  did  the  iron  reach  the  faeces  ? It  has  frequently 
been  affirmed  that  the  iron  is  conveyed  to  the  intestine  by 
the  bile,  but  of  this  I have  not  been  able  to  convince  myself. 
After  incineration  of  large  quantities  of  the  bile  of  the  ox,  pig, 
dog,  and  man,  I have  only  found  imperceptible  traces  of  iron 
in  it.  In  the  bile  secreted  in  twenty-four  hours  by  a dog  fed 
on  meat,  Hamburger  f could  only  find  iron  in  such  small 
proportions  that  it  could  not  be  estimated,  and  after  the 
internal  administration  of  sulphate  of  iron  no  increase  could 
be  detected.  Of  the  remaining  secretions  poured  into  the 
intestine,  the  gastric  juice,  according  to  the  analyses  hitherto 
made,  contains  the  most  iron,  and  much  more  than  the  bile.  It 
may  be  that  the  iron  is  excreted  through  the  intestinal  wall, 
perhaps  by  the  aid  of  leucocytes,  which  appear  to  play  an 
active  part  in  excretion  as  well  as  in  absorption.  To  me  the 
most  natural  explanation  seems  to  be,  that  the  iron  found  in 
the  excreta  of  fasting  animals  arises  from  the  rejected  epithelial 
cells  of  the  intestine.  The  dried  epithelium  of  the  intestine 
contains,  according  to  C.  Schmidt’s  analysis,  0’46  per 
cent.  Fe  \ — more  than  haemoglobin  itself. 

If  solutions  of  salts  of  iron  be  injected  into  the  blood  or 
under  the  skin,  they  reappear  again  on  the  surface  of  the 
intestine.  But  it  does  not  follow  that  the  compounds  of  iron, 

* Bidder  and  Schmidt,  Die  Verdauungssüfte  und  der  Stoffwechsel,  p.  411  : 
Milan  and  Leipzig,  1852. 

f Hamburger,  Zeit  sehr.  f.  physiol.  Chem.,  vol.  iv.  p.  248  : 18S0. 

I Bidder  and  Schmidt,  loc.  eit.,  p.  2G7. 
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resulting  as  ultimate  products  of  the  normal  metabolism, 
must  take  the  same  path. 

Buchheim  and  Mayer  * found  that,  a few  hours  after  the 
injection  of  salts  of  iron  into  the  jugular  vein  of  a fasting 
animal,  the  intestinal  mucous  membrane  was  covered  with  a 
secretion  rich  in  oxide  of  iron.  This  fact  is  at  variance  with 
the  result  obtained  by  Quincke,!  who,  after  the  injection  of 
lactate  of  iron  into  the  jugular  vein,  did  not  observe  any  iron 
in  the  portion  of  intestine  isolated  according  to  Thiry’s 
method  (see  Lecture  XI.).  But  the  isolated  knuckle  of 
intestine  did  not  necessarily  retain  all  its  normal  functions. 
Moreover,  the  excretion  of  iron  does  not  necessarily  go  on  in 
all  parts  of  the  intestine. 

The  observations  of  Cahn  on  salts  of  manganese  are  in 
complete  harmony  with  those  of  Mayer  on  salts  of  iron. 
When  salts  of  manganese  were  injected  into  the  blood  of 
rabbits,  they  reappeared  in  the  urine,  and  in  the  contents  of 
the  stomach  and  intestine,  and  were  to  be  found  in  abundance 
in  the  intestinal  wall  after  thorough  washing.  On  the  other 
hand,  if  manganese  salts  were  introduced  by  the  stomach 
for  a long  consecutive  period,  no  manganese  could  be  found 
in  the  mucous  membrane  of  the  intestine  after  washing,  nor 
did  any  pass  into  the  urine. 

There  can  be  little  doubt,  therefore,  that  the  manganese 
found  in  the  intestinal  wall  was  arrested  on  its  way  to  excretion. 

If  we  consider  how  delicate  are  the  methods  at  our  com- 
mand for  tracing  manganese  in  the  ash,  an  objection  can 
hardly  be  raised  to  the  conclusion  that  manganese  salts  are 
not  absorbed  by  the  intestine. 

Unfortunately,  iron  cannot  be  traced  along  the  paths  of 
absorption  and  excretion  with  the  same  certainty,  because  it 
is  a normal  constituent  of  all  tissues  and  excretions. 

* Aug.  Mayer.  “ De  ratione,  qua  ferrum  mutetur  in  corpore,”  Dissert.  : 
Dorpati,  1850. 

t H.  Quincke,  Du  Bois’  Arch.,  p.  150  : 18GS. 
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After  the  injection  of  salts  of  iron  into  the  blood,  symptoms 
of  poisoning  appear,  such  as  reduced  blood-pressure,  intestinal 
disturbances  similar  to  those  caused  by  arsenic  and  antimony, 
disturbances  of  the  voluntary  movements  by  paralysis  of 
the  central  nervous  system.*  A part  of  the  iron  is  excreted 
through  the  kidneys,  and  causes  renal  disease.!  None  of 
these  occurrences  are  observed  after  the  introduction  of  salts 
of  iron  into  the  stomach,  a fact  which  also  agrees  with  the 
view  that  iron  is  not  absorbed  from  the  stomach.  At  the  same 
time,  one  more  objection  may  be  urged,  even  at  the  risk  of  its 
appearing  strained.  It  is  possible  that  the  iron,  when  ab- 
sorbed from  the  intestine,  may  be  converted,  perhaps  on  its 
way  through  the  liver,  into  an  organic  compound,  which  is 
harmless  and  is  not  excreted  through  the  kidneys.  Such 
conversion  is  not  without  analogy. 

If,  therefore,  it  cannot  yet  be  decisively  affirmed  that  salts 
of  iron  are  not  absorbed,  still  it  appears  highly  probable  from 
the  above  arguments  that  they  are  not.  It  is  fair  to  assume 
that  Hamburger’s  observations  about  iron  merit  the  same 
interpretation  as  the  unequivocal  results  obtained  by  Cahn 
with  manganese. 

As  far  as  the  power  of  absorption  is  concerned,  it  does 
not  make  much  difference  which  iron  salt  is  introduced  into 
the  stomach.  They  are  all  converted  into  chlorides  of  iron  in 
the  gastric  juice.  On  coming  into  contact  with  the  intestinal 
wall,  which  is  always  alkaline  from  the  carbonate  of  soda, 
the  chloride  is  turned  into  oxide,  which  remains  in  solution, 
owing  to  the  presence  of  organic  substances  ; the  subchloride 
is  converted  into  ferrous  carbonate,  which  is  soluble  both  in 
carbonic  acid  and  in  organic  substances.  The  non-absorb- 
ability cannot,  therefore,  be  explained  by  its  insolubility. 
Finally,  by  the  action  of  the  sulphur  compounds  and  of  the 
reducing  agents  in  the  intestines — the  nascent  hydrogen  and 

* Meyer  and  Williams,  Arch.  f.  exper.  rath.  u.  Pharm.,  vol.  xiii.  p.  70:  1880. 
t Robert,  loc.  cit. 
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other  readily  oxidized  products  of  decomposition — the  com- 
pounds of  iron  are  converted  into  sulphide  of  iron  and  elimi- 
nated with  the  faeces.  The  combinations  of  ferric  oxide'  with 
organic  acids  behave  in  the  same  way.  The  proteids  are  also 
to  be  classed  among  the  organic  acids.  The  albuminates  of 
iron  are  likewise  immediately  split  up  by  the  hydrochloric 
acid  of  the  gastric  juice,  subchloride  or  chloride  of  iron  being 
formed.* 

Our  food  must  therefore  contain  iron  in  combinations 
which  are  not  destroyed  in  the  alimentary  canal,  and  which 
are  capable  of  being  absorbed,  and  of  yielding’  material  for  the 
formation  of  hemoglobin. 

In  order  to  become  acquainted  with  the  precursors  of 
hemoglobin,  I have  examined  the  compounds  of  iron  in  yolk 
of  egg  and  in  milk.f  Yolk  of  egg  contains  no  hemoglobin ; 
it  must,  however,  contain  a precursor  of  the  latter,  for  when 
the  egg  is  hatched,  hemoglobin  is  formed  from  its  consti- 
tuents without  extraneous  aid.  In  the  same  way,  milk,  as  the 
exclusive  food  of  the  infant,  must  also  contain  the  material 
necessary  to  form  blood. 

If  the  yolk  of  a hen’s  egg  be  treated  with  alcohol  and  ether, 
no  iron  passes  into  the  extract.  All  the  iron  is  found  in  the 
residue,  which  forms  one-third  of  the  dry  substance  of  the 
yolk,  and  consists  of  proteids  and  nucleins.  The  large  amount 
of  iron  in  this  residue  is  not  in  the  form  of  a salt.  This  is 
proved  by  the  fact  that  the  iron  cannot  be  extracted  with  a 
solution  of  hydrochloric  acid  and  alcohol.  All  saline  com- 
binations of  iron  with  inorganic  and  organic  acids,  among 

* If  it  is  immaterial,  from  the  point  of  view  of  absorption,  which  preparation 
of  iron  is  selected  in  practice,  the  physician  has  to  take  other  points  into  considera- 
tion. He  must  be  very  careful  not  to  injure  the  gastric  mucous  membrane. 
Salts  of  iron  in  an  acid  solution  are  caustic,  but  not  so  in  an  alkaline  solution. 
For  this  reason,  iron  is  best  given  in  the  form  of  pills  coated  with  gum ; this  is 
not  dissolved  till  the  small  intestine  is  reached,  after  which  the  iron  cannot 
exercise  a caustic  effect  upon  the  coat  of  the  intestine,  which  is  bedewed  with  an 
alkaline  secretion. 

t G.  Bunge,  Zeitschr.f.  physiol,  Cliem.,  vol.  ix.  p.  49  : 1S84. 
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the  latter  of  which  albumen  must  be  classed,  yield  the  iron 
immediately  on  treatment  with  alcohol  containing  hydro- 
chloric acid.  The  residue  of  the  yolk,  which  is  insoluble  in 
ether,  is  readily  soluble  in  very  dilute  (1  per  1000)  hydro- 
chloric acid.  If  tannic  or  salicylic  acid  be  added  to  this 
solution,  a white  precipitate  appears.  But  if  to  the  same 
solution  the  smallest  trace  of  chloride  of  iron  be  added, 
and  well  shaken,  and  a further  addition  of  tannic  or  salicylic 
acid  be  made,  it  becomes  at  once  blue  or  red. 

Iron  occurs  in  yolk  of  egg  in  the  form  of  a nucleoalbumin- 
ous  compound.  On  digesting  the  yolk  with  artificial  gastric 
juice,  the  proteids  become  peptonized,  and  the  iron  is  found 
in  the  undigestible,  insoluble  residue  as  nuclein.*  The  iron 
from  this  nuclein,  again,  cannot  be  extracted  by  aleohol  and 
hydrochloric  acid,  but  it  separates  out  slowly  in  a dilute 
hydrochloric  acid,  and  with  greater  rapidity  in  proportion  to 
the  strength  of  the  acid. 

The  nuclein  containing  iron  is  soluble  in  ammonia.  If 
to  the  solution  of  ammonia  some  ferrocyanide  of  potassium 
be  added,  and  it  be  then  saturated  with  hydrochloric  acid,  a 
white  precipitate  occurs  which  gradually  becomes  blue,  with 
a rapidity  in  proportion  to  the  excess  and  strength  of  the 
hydrochloric  acid.  If,  instead  of  the  ferrocyanide,  ferri- 
cyanide  of  potassium,  and  then  hydrochloric  acid,  be  added 
to  the  ammoniacal  solution,  the  precipitate  which  occurs 

* The  nuclein  of  the  yolk  of  egg  was  first  isolated  by  Miescher.  His  method 
of  isolation  differed  from  mine,  and  I imagine  that  the  iron  was  mostly  separated 
from  its  combination  by  the  action  of  the  hydrochloric  acid  of  the  gastric  juice. 
Otherwise  the  considerable  amount  of  iron  could  not  have  escaped  Miescher’s 
attention.  I allowed  the  pepsine-ferment  to  act  for  only  a very  short  space  of 
time  on  the  solution  of  nucleoalbumen  in  very  dilute  hydrochloric  acid.  In 
Miescher’s  process,  a gastric  juice,  containing  from  3 to  4 per  1000  HOI  (10  cc.  of 
fuming  hydrochloric  acid  to  1 litre  of  water),  acted  from  eighteen  to  twenty-four 
hours  at  40°  C.  on  the  yolk  of  egg,  extracted  with  ether  and  alcohol.  In  my 
process  the  amount  of  hydrochloric  acid  was  only  a little  more  than  1 per  1000, 
and  the  heating  up  to  the  temperature  of  the  body  was  stopped  as  soon  as  the 
nuclein  compound  of  the  iron  began  to  separate  from  the  solution  as  a cloudy 
precipitate  (sec  Miescher  in  Hoppe-Seyler’s  Mud.  ehern.  Untere.,  pp.  504,  454) 
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remains  -white.  The  iron,  therefore,  separates  from  the 
organic  compound  as  an  oxide,  and  not  as  a suboxide. 

If  to  the  ammoniacal  solution  of  the  nuclein  containing 
iron  a drop  of  sulphide  of  ammonium  he  added,  there  is  at 
first  no  change  in  colour ; after  a little  time  it  becomes 
greenish,  and  gets  gradually  darker,  until  at  last,  on  the 
following  day,  it  is  black  and  opaque.  The  change  of  colour 
occurs  more  rapidly  if  more  sulphide  of  ammonium  is  added. 
Ammoniacal  solutions  of  artificial  albuminates  of  iron  change 
their  colour  almost  instantly  on  addition  of  sulphide  of  am- 
monium. 

It  follows  that  the  iron  is  more  firmly  fixed  in  the  nuclein 
of  the  yolk  of  egg  than  in  the  albuminates  of  iron ; but  far 
more  loosely  than  in  hsematin,  in  which  it  cannot  be  detected 
with  the  ordinary  reagents. 

The  elementary  analysis  of  the  nuclein  which  contained 
iron  gave  the  following  composition  : — 

C 4211 
H 6-08 
N 14-73 
S 0-55 
P 519 
Fe  0-29 
O 3105 

100-00 

This  compound  is  doubtless  the  precursor  of  haemoglobin,  for 
there  is  no  considerable  quantity  of  any  other  compound  of 
iron  in  the  yolk.  I have  therefore  proposed  that  this  com- 
pound should  receive  the  name  htematogen  (blood-former). 
If  the  phosphorus  be  separated  from  the  haematogen  in  the 
form  of  phosphoric  acid,  a molecule  remains,  which  contains 
the  same  amount  of  iron  as  hasmoglobin.  The  haemoglobin 
of  hen’s  blood  contains  0‘34  per  cent.  Fe.* 

I have  not  yet  succeeded  in  isolating  the  compounds  of 
iron  in  milk.  At  present  I will  only  say  that  they  are  like- 
* A.  Jaquet,  “Beit.  z.  Kenntoiss  des  Blutfarbstoffes.”  Dissert.;  Basel,  18S9. 
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wise  organic  compounds,  which  is  also  true  of  the  iron  in  our 
most  important  articles  of  vegetable  diet,  the  cereals  and 
leguminosas.  In  these  iron  is  contained,  not  as  a salt,  but  as 
a stable  organic  compound.  This  may  probably  be  taken  as 
true  of  all  food  consumed  by  animals.  Haemoglobin  is  formed 
from  complex  organic  compounds  of  iron,  which  are  produced 
by  the  vital  process  of  the  plant. 

We  will  now  return  to  the  question  of  the  action  of  iron  in 
chlorosis.  Our  previous  observations  have  rendered  three 
conclusions  probable,  which  we  must  harmonize  with  one 
another:  1.  The  inorganic  preparations  of  iron  promote  the 
formation  of  haemoglobin  in  chlorotic  subjects.  2.  The  salts 
of  iron  are  not  absorbed  at  all.  3.  Our  food  contains  only 
organic  forms  of  iron. 

It  appears  to  me  that  the  following  hypothesis  reconciles 
all  three  conclusions,  and  is  not  opposed  to  anything  that  we 
know.  We  must  assume  that  the  organic  compounds  of  iron 
are  in  some  way  protected  from  decomposition  in  the  digestive 
canal  by  the  preparations  of  iron.  I have  already  mentioned 
that  sulphide  of  ammonium  gradually  separates  the  iron  from 
the  organic  compound  of  iron.  Now,  alkaline  combinations  of 
sulphur  are  also  found  in  the  intestine,  especially  in  digestive 
disturbance,  which  is  invariably  one  of  the  symptoms  of 
chlorosis.  If  inorganic  compounds  of  iron  are  present,  they 
will  at  once  fix  the  sulphur  of  the  alkaline  sulphides,  before  it 
can  act  upon  the  organic  compounds  of  iron.  The  latter  are 
thus  preserved  from  decomposition,  and  are  absorbed. 

It  appears  that  in  chlorosis  the  amount  of  gastric  juice 
secreted  is  insufficient  (perhaps  by  reason  of  the  poorness  of 
the  blood),  and  that,  in  consequence,  fermentative  organisms 
are  introduced  into  the  intestine.  The  chief  importance  of 
the  gastric  juice  probably  lies  in  the  antiseptic  action  of 
the  free  hydrochloric  acid  (compare  Lecture  IX.).  Should 
the  amount  of  hydrochloric  acid  be  insufficient,  fungi 
and  bacteria  get  into  the  intestine,  particularly  those  which 
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produce  butyric  fermentation.  In  butyric  fermentation, 
however,  hydrogen  is  set  free,  and,  by  the  reducing  action 
of  the  nascent  hydrogen,  alkaline  sulphides  are  formed  from 
the  compounds  of  sulphur  in  the  food.  These  decompose  the 
organic  compounds  of  iron.  In  this  respect  a recent  sug- 
gestion, that  hydrochloric  acid  is  a more  effectual  remedy  for 
chlorosis  than  iron,  should  be  taken  into  consideration.* 
Again,  the  experience  of  physicians,  that  iron  is  only  of  use 
in  cases  of  typical  chlorosis,  and  not  in  other  forms  of 
anaemia,  agrees  well  with  my  hypothesis.  In  all  those  forms 
of  anaemia  caused  by  disturbances  in  blood-formation  outside 
the  intestinal  wall,  the  preparations  of  iron  which  cannot  be 
absorbed  are  naturally  useless. 

Finally,  the  doctrine  in  which  most  physicians  are  agreed, 
that  iron  is  only  effectual  in  large  doses,  is  in  harmony  with 
my  hypothesis.  Considerable  quantities  of  iron  are  necessary 
to  render  the  alkaline  sulphides  formed  in  the  intestine  inert, 
whereas  a very  small  amount  would  suffice  for  the  formation 
of  lifemoglobin. 

At  the  same  time,  I must  expressly  state  that  my  hypo- 
thesis is  only  meant  to  explain  the  way  in  which  the  iron 
operates,  and  not  the  reason  for  chlorosis.  The  etiology  of 
chlorosis  still  remains  obscure.  It  is  not  necessary  that 
digestive  disturbance  should  have  ushered  it  in.  Virchow  t 
has  called  attention  to  the  fact  that,  in  chlorotic  persons  on 
whom  a post-mortem  has  been  made,  there  is  a defective 
formation  of  the  vascular  system,  and  especially  of  the  heart 
and  of  the  great  arteries,  and  he  is  of  opinion  that  this  is 
not  in  consequence  of  want  of  blood ; that  it  is  not  a question 
of  atrophy,  but  of  aplasia,  or,  more  properly,  hypoplasia. 
The  predisposition  of  the  female  sex  during  the  period  of 
puberty  to  chlorosis  also  argues  against  the  supposition  that 

* Zander,  Virchow’s  Arch.,  vol.  lxxxiv.  p.  177  : 1881. 

t Virchow,  “ Ueber  die  Chlorose  und  die  damit  zusammenhängenden  Anoma- 
lien im  Gefässapparate,  insbesondere  über  Endocarditis  puerperalis,”  Vortrag.  : 
Berlin,  1872, 


CHLOROSIS. 


105 


disturbances  of  the  digestive  organs  have  much  to  do  with  it. 
In  fact,  these  disturbances  only  prevent  the  organism  from 
overcoming  the  malady  by  the  means  already  at  its  disposal. 

I should  like  to  refer  once  more  to  Hamburger’s  experi- 
ment. The  small  increase  in  the  excretion  of  iron  through 
the  kidneys,  which  was  observed  after  sulphate  of  iron  was 
taken  internally,  may  possibly  also  he  explained  so  as  to 
suit  my  hypothesis.  The  inorganic  salts  of  iron  may  have 
preserved  the  organic  iron  compounds  of  the  meat-diet  from 
decomposition  in  the  intestine.  As  a matter  of  fact,  the  iron 
appeared  in  the  urine,  not  as  an  inorganic  salt,  hut  as  an 
organic  combination.* 

* That  iron  is  contained  in  the  urine  as  an  organic  compound,  and,  moreover, 
in  the  form  of  colouring-matter,  was  first  shown  by  G.  Harley,  Verhandlungen 
der  physikalisch-chemischen  Gesellschaft  in  Würzburg,  vol.  v.  p.  1 : 1855. 
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LECTURE  VII. 

THE  INORGANIC  FOOD-STUFFS. 

In  our  previous  remarks  on  alimentary  substances,  we  have 
not  given  any  account  of  the  inorganic  materials,  salts  and 
water. 

In  deciding  the  question  of  man’s  need  for  inorganic  salts, 
we  must  clearly  distinguish  between  the  growing  and  the 
adult  body.  It  is  evident  that  the  former  requires  a con- 
siderable amount  of  inorganic  salts  for  its  development. 
The  quality  and  quantity  needed  may  be  best  seen  from  the 
composition  of  milk.  An  infant  weighing  6 or  7 kgrrns.* 
takes  about  a litre  (35£  fluid  ounces)  of  milk  daily.  This 
contains  t — 


k2o 

. . 0-78 

grm 

Na20 

. . 0-23 

}> 

CaO 

. . 0'33 

» 

MgO 

..  0C6 

Fe203 

. . 0-004 

V 

PA 

. . 0-47 

Cl  .. 

. . 0-44 

JJ 

It  would  be  very  interesting  to  compare  the  composition 
of  milk-asli  with  that  of  the  total  ash  of  the  infant.  But, 

* This  is  what  an  infant  usually  weighs  in  the  sixth  month.  I choose  this 
stage  for  the  above  table,  because  the  numbers  are  of  a suitable  size.  Assuming 
that  the  need  for  inorganic  salts  is  in  proportion  to  the  body-weight,  the  decimal 
point  has  only  to  bo  moved  one  figure  to  the  right,  in  order  to  ascertain  the 
amount  required  by  an  adult.  But  these  figures  can  only  be  taken  as  a maximal 
valuo.  As  we  shall  see  (p.  113),  it  is  probable  that  the  adult  does  not  require 
nearly  so  large  an  amount  of  inorganic  salts. 

t G.  Bunge,  Zeitschr.f.  Biolog.,  vol.  x.  p.  31G:  1871. 
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unfortunately,  [no  analysis  of  the  total  ash  of  an  infant  has 
ever  been  made.  A comparative  analysis  of  the  ash  of  dog’s 
milk  and  the  total  ash  of  a sucking  puppy  resulted  in  the 
following  figures,*  which  I give  together  with  the  analysis  of 
the  ash  of  blood,  and  another  of  the  total  ash  of  a young 
rabbit  and  a kitten  while  being  suckled  : — 


One  hundred  parts  of 
ash  contain 

Sucking  young  of  animals. 

Dog’s 

milk. 

Dog’s 

blood. 

Dog’s 

blood- 

serum. 

Rabbit. 

Dog. 

Cat. 

K„0 

10-8 

8-5 

10T 

107 

3-1 

2'4 

Na.,0 

60 

8-2 

8-3 

61 

45-6 

521 

CaO 

350 

35-8 

34- 1 

34-4 

0-9 

2-1 

MgO 

2-2 

16 

1-5 

1-5 

04 

0-5 

Fe203 

0-23 

0-34 

0-24 

0-14 

9-4 

0T2 

P205 

41-9 

39-8 

40-2 

375 

13-2 

5-9 

Cl 

4-9 

7-3 

7-1 

12-4 

35-6 

47-6 

This  table  shows  the  remarkable  fact  that  the  proportion 
of  the  various  inorganic  substances  to  each  other  in  milk,  is 
almost  the  same  as  it  is  in  the  whole  body  of  animals  while 
they  are  being  suckled.  This  correspondence  is  the  more 
remarkable  as  the  quantitative  composition  of  the  inorganic 
residue  of  blood  is  completely  different.  But  the  epithelial 
cells  of  the  milk-glands  do  not  derive  their  nourishment 
directly  from  the  blood,  but  from  the  lymph  which  has 
transuded  from  the  latter ; and  the  composition  of  the  ash 
of  lymph  differs  much  more.  The  fact  that  the  ash  of  milk 
contains  more  potassium  and  less  sodium  than  the  total  ash 
of  young  animals  while  being  suckled,  may  be  teleologically 
explained  by  the  fact  that,  as  I have  proved  by  a series  of 
analyses,!  the  animal  always  as  it  grows  becomes  richer 
in  potassium  and  poorer  in  sodium ; this  probably  depends 
on  the  relative  increase  of  the  muscles,  which  contain  an 
abundance  of  potassium,  and  the  relative  diminution  of  the 
cartilage,  which  is  rich  in  sodium.  The  larger  amount  of 

* Bunge,  loc.  cit.,  p.  32G ; aud  Du  Buis’  Arch.,  p.  539 : 188G. 

t Bunge,  loc.  cit.,  p.  324. 
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chlorine  in  milk  may  perhaps  he  explained  by  the  fact  that 
the  chlorides  are  useful,  not  only  in  the  construction  of  the 
organs,  but  also  in  the  preparation  of  the  digestive  secretions, 
and  that  those  chlorides,  which  have  reached  the  intestine 
with  the  digestive  secretions,  do  not  again  become  completely 
absorbed.  It  appears  also  that  the  chlorides  are  concerned 
in  renal  secretion.  The  nitrogenous  products  of  metabolism 
cannot  be  eliminated  simply  in  the  form  of  aqueous  solu- 
tions ; the  presence  of  chlorides  is  also  necessary.*  This  is 
shown  by  the  fact,  among  others,  that  diuretics  also  increase 
the  excretion  of  chlorine. 

It  follows  that  the  inorganic  constituents  are  all  appro- 
priated by  the  epithelial  cells  of  the  milk-glands  from  the 
blood-plasma  (which  is  of  a totally  different  composition),  in 
the  exact  proportion  required  by  the  young  animal  for  its 
development  into  an  organism  like  that  of  the  parent. 

This  fact  alone  refutes  all  previous  attempts  at  a mechani- 
cal explanation  of  the  activity  of  the  glands.  It  cannot  be 
objected  that  the  secretion  of  milk  does  not  correspond  with 
the  composition  of  the  sucking  animal,  but,  on  the  contrary, 
that  the  tissues  of  the  latter  are  built  up  in  accordance  with 
the  composition  of  the  milk ; for  the  incinerated  puppies  were 
only  four  days  old,  and  were  therefore  born  with  an  ash  of 
a composition  corresponding  to  that  of  the  milk-ash.  We 
also  find  a similar  composition  of  the  total  ash  as  far  down 
as  the  lower  vertebrates,  which  have  no  milk-glands. 

I must,  however,  call  attention  to  one  discrepancy  in  the 
constitution  of  the  ash  of  the  sucking  animal  and  that  of 
milk — this  relates  to  iron.  As  the  above  figures  show,  there 
is  much  less  iron  in  the  ash  of  milk  than  in  the  ash  of  the 
sucking  animal.  In  a second  analysis  of  the  ash  of  dog’s 
milk,  I found  only  010  per  cent.  Fe203,  or  less  than  one- 

* The  chlorides  are  occasionally  absent  from  the  urine  in  certain  febrile 
diseases,  especially  in  pneumonia.  See  F.  Rölitnann,  Zeit  sehr.  /.  ldin.  Med., 
vol.  i.  p.  512  : 1SS0. 
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third  of  the  amount  of  iron  in  the  ash  of  the  puppy.  There 
is  a still  greater  difference  in  the  following  analysis,  for 
which  I incinerated  a puppy  a few  hours  old,  before  it  had 
been  suckled ; so  as  to  ascertain  the  composition  of  the  ash, 
totally  free  from  the  components  of  milk,  and  to  compare  it 
with  the  composition  of  the  milk-ash  of  the  puppy’s  mother.* 
The  result  was  as  follows  : — 


New-born  puppy.  Dog's  milk. 


k2o  .. 

, . 

. . 

..  11-42  .. 

. . 14-98 

Na„0  . . 

. . 10  64  . . 

. . 8-SO 

CaÖ  . . 

. . 29-52  . . 

. . 27-24 

MgO  .. 

. . 1-82  . . 

. . 1-54 

Fe203  .. 

. . 0-72  . . 

..  0-12 

PA  .. 

. . 39-42  . . 

. . 34-22 

Cl 

. . 8-35  . . 

. . 16-90 

Iron  is  the  only  inorganic  constituent  which  forms  any 
considerable  exception  to  the  similarity  of  the  two  ashes. 
The  object  of  this  close  resemblance  is  evidently  to  effect  the 
greatest  possible  economy.  The  maternal  organism  does  not 
part  with  anything  that  would  be  useless  to  the  puppy.  Any 
excess  of  a component  in  the  ash  of  milk  could  not  be 
utilized  in  the  growth  of  the  puppy,  but  would  be  wasted. 
This  wonderful  arrangement  appears  to  be  nullified  by  the 
small  amount  of  iron  in  milk.  There  is  six  times  less  iron 
in  milk  than  in  the  ash  of  the  puppy.  The  maternal  or- 
ganism thus  appears  to  part  with  six  times  more  than  is 
required  of  all  the  remaining  inorganic  bodies.  One-sixth 
only  is  utilized  in  the  construction  of  the  tissues,  five-sixths 
are  wasted  ! 

The  explanation  of  this  apparent  contradiction  lies  in 
the  fact,  that  the  young  animal  acquires  the  store  of  iron 
necessary  for  its  growth  before  birth.  The  following  analyses 
show  that  the  amount  of  iron  in  the  whole  organism  is 
highest  at  birth,  and  that  it  gradually  diminishes  with  the 
development  of  the  animal. 


* G.  Bunge,  Zeilschr.  f.  physiol.  Chem.,  vol,  xiii.  p.  399:  1889. 
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The  proportion  of  iron  to  1 kgrm.  of  body- weight  is  as 
follows : — 


Rabbit,  killed  directly  after  birth  . . 

. . 120  milligrm.  Fe 

Rabbit,  14  days  old 

..  44 

J» 

Puppy,  10  hours  old  

..  112 

5» 

Puppy,  from  the  same  litter,  3 days  old 

..  96 

)> 

Puppy,  from  the  same  litter,  4 days  old 

..  75 

5» 

Kitten,  4 days  old 

..  69 

JJ 

Kitten,  19  days  old 

..  47 

5> 

The  following  estimates  * of  iron  in  the  livers  (cleansed 
from  blood)  of  a newly  born  puppy  and  of  two  full-grown 
dogs  are  in  harmony  with  these  figures. 

The  proportion  of  iron  to  100  parts  by  weight  of  liver 
dried  at  110°  C.,  is  as  follows  : — 

Puppy,  just  after  birth  . . . . . . . . 391  milligrm.  Fe. 

Full-grown  dogs  { 1 ^ 

The  proportion  of  iron  in  the  liver  is  therefore  from  five 
to  nine  times  greater  immediately  after  birth,  than  it  is  in 
the  full-grown  animal.  The  object  of  this  arrangement  is, 
perhaps,  to  he  sought  in  the  evident  difficulty  of  assimilating 
organic  compounds  of  iron  (compare  Lecture  VI.).  Hence 
the  maternal  organism  economizes  the  acquired  store  as 
much  as  possible.  The  quantity  necessary  for  the  infant 
can  enter  the  organism  in  two  ways  : through  the  placenta 
and  through  the  mammary  gland.  The  former  is  adopted  as 
being  the  more  certain.  If  the  bulk  of  the  organic  com- 
pounds of  iron  were  afforded  by  the  mammary  gland,  it 
might  become  a prey  to  bacteria  in  the  alimentary  canal, 
before  it  had  time  to  he  absorbed.  But  if  it  enters  the 
infant  organism  through  the  placenta,  its  safety  is  assured. 

We  have  thus  seen  how  the  most  suitable  provision  is 
made  for  the  introduction  of  all  the  inorganic  salts  into  the 
infant  organism.  We  now  know  exactly  what  salts  are  re- 
quired by  the  growing  animal,  and  in  what  proportion  each 
must  be  introduced.  We  may  now,  therefore,  ask  whether 
* St.  Zaleski,  Zeitechr.  f.  physiol.  Chem.,  vol.  x.  p.  453:  188G. 
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the  child,  in  passing  from  milk  to  another  form  of  diet,  will 
continue  to  obtain  these  inorganic  salts  in  sufficient  quanti- 
ties. In  answer  to  this  question,  I give  the  following  table 
containing  the  most  reliable  determinations  of  the  constituents 
of  the  ash  from  the  most  important  articles  of  diet,  together 
with  analyses  of  the  ash  from  milk.  The  articles  of  diet  are 
arranged  according  to  the  ratio  of  limb  contained. 

In  100  Parts  of  Dried  Substance  the  Proportions  are— 


K.O. 

Na20. 

CaO. 

MgO. 

Fe20iV 

P2Oa. 

Cl* 

Beef  . . 

1-66 

0-32 

0029 

0-152 

0-02 

1-83 

0-28 

Wheat 

0-62 

0-06 

0065 

0-24 

0 026 

0-94 

(?) 

Potato 

2-28 

Oil 

0100 

019 

0-042 

0-64 

013 

Egg-albumen 

1-44 

1-45 

0130 

0-13 

0-026 

0-20 

1-32 

Peas  . . 

1-13 

003 

0137 

0-22 

0-024 

0 99 

(?) 

Human  milk 

0-58 

0-17 

0243 

005 

0003 

0-35 

0-32 

Yolk  of  egg  . . 

0-27 

0-17 

0-380 

0-06 

0-040 

1-90 

0-35 

Cow’s  milk  . . 

1-67 

1-05 

1-51 

0 20 

0003 

1-86 

1-60 

The  above  table  shows  that  the  other  articles  of  food 
possess  all  the  inorganic  constituents  in  as  large  or  in  a 
larger  quantity  than  milk.  Lime  is  the  only  inorganic 
material  which  we  have  to  provide  for  in  the  choice  of  a 
child’s  food.  If  brought  up  on  meat  and  bread,  a child 
would  probably  not  obtain  the  lime  requisite  for  the  growth  of 
its  frame.  The  leguminosse  contain  more  ; but  the  only  food 
which  has  the  same  amount  as  milk,  is  the  yolk  of  egg,  which 
should,  therefore,  always  be  given  to  children  when  milk  is 
either  not  procurable  or  cannot  be  digested.  Considerable 
quantities  of  lime  occur  in  spring-water,  but  it  is  not  known 
whether  these  are  assimilated.  Lime  is  found  combined  with 
organic  substances  in  food ; it  is,  therefore,  irrational  to  pre- 
scribe lime  for  children  in  the  form  of  inorganic  compounds. 
In  medical  practice,  rickety  children  are  constantly  being 
ordered  a couple  of  teaspoonfuls  of  lime-water.  This  is 

* The  amount  of  chlorine  in  cereals  and  loguminosso  has  never  yet  been 
correctly  determined,  too  low  an  estimate  having  been  formed.  Concerning 
this,  see  Behaghel  von  Adlerskron,  Zeitschr.f.  analyt.  Cliem.,  vol.  xii. : 1873. 
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useless,  because  tlie  amount  ordered  is  far  too  small.  A 
saturated  solution  of  lime  contains  less  lime  than  cow’s  milk. 
In  a pinUnf  cow’s  milk  I found  1*7  grm.  CaO ; a pi^of 
lime-water  contains  only  T3  grm.  CaO. 

The  nature  and  causes  of  rickets  are  still  quite  unknown. 
It  is  a fact  that  artificial  feeding  of  growing  animals  on  a 
diet  containing  little  lime,  can  produce  a diminution  of  the 
salts  of  lime  in  the  bones,  rendering  them  abnormally  pliable 
and  brittle.  It  is  also  affirmed  that  in  several  experiments 
of  this  nature,  true  rickets  has  been  produced  with  all  the 
characteristics  of  this  disease.*  But  it  is  equally  a fact  that 
children  become  rickety  who  have  never  suffered  from  want 
of  lime  in  their  food.  In  these  cases,  it  seems  obvious  to 
suppose  that,  owing  to  disturbed  digestion,  the  lime-salts 
have  not  been  adequately  absorbed,  or  that,  in  spite  of 
adequate  absorption,  they  have  not  been  assimilated  owing 
to  abnormal  processes  in  the  bone-forming  tissues.  All 
speculation  on  the  truth  of  either  theory  is  quite  useless, 
until  we  have  careful  and  reliable  experiments  on  the 
metabolism  of  rickety  children  compared  with  that  of  healthy 
ones  of  the  same  age,  and  brought  up  on  the  same  food. 

The  above  table  further  shows  that  milk  contains  from 
seven  to  fourteen  times  less  iron  than  the  other  articles  of 
food.  This  is  as  we  should  expect.  Our  observations  on 
the  high  percentage  of  iron  in  the  organism  just  after  birth 
demonstrate  that  the  amount  of  iron  in  milk  is  insufficient 
for  its  growth.  From  this  the  important  practical  lesson 
may  be  drawn,  that  milk  should  take  a subordinate  rank  in 
the  diet  of  a child  when  it  is  weaned,  and  in  the  diet  of 
persons  suffering  from  poorness  of  blood.  The  staple  food 
must  contain  a much  larger  quantity  of  iron. 

Finally,  the  above  table  shows  that  cow’s  milk,  compared 

* Erwin  Voit,  Zeilschr.  f.  Biolog.,  vol.  xvi.  p.  55 : 1880.  An  account  of  the 
previous  literature  will  also  be  found  here.  See  further,  A.  Baginsky,  Virchow’s 
Arch.,  vol.  Ixxxvii.  p.  301:  1882;  and  Seemann,  Zeifschr.  f.  Min.  Med.,  vol.  v. 
pp.  1,  152:  1882. 
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with  organic  food-stuffs,  is  much  richer  in  inorganic  salts  than 
human  milk.  This  may  be  teleologically  explained  by  the 
fact  that  the  calf  grows  much  more  rapidly  than  the  infant. 
It  is,  therefore,  probable  that  the  adult  organism  could  exist 
with  a very  small  amount  of  salts ; in  fact,  it  is  ä priori 
difficult  to  see  what  the  constant  addition  of  salts  is  required 
for.  Inorganic  salts  serve  a totally  different  purpose  to  the 
organic  food-stuffs.  The  latter  act  as  sources  of  energy; 
chemical  potential  energy  is  introduced  with  them  into  our 
tissues,  and  is  converted  by  the  decomposition  and  oxidation 
of  these  organic  substances,  into  all  those  forms  of  kinetic 
energy  which  make  up  life  as  understood  by  our  senses. 
They  serve  us  by  the  very  fact  of  their  decomposition.  The 
necessity  for  their  constant  renewal  is  not  only  a matter  of 
experience ; it  is  also  at  once  apparent  on  ä priori  grounds. 
Inorganic  salts  must  be  regarded  from  a different  point  of 
view.  These  are  already  saturated  compounds  of  oxygen,  or 
chlorides,  which  likewise  have  no  affinity  for  oxygen.  No 
energy  is  set  free  in  the  body  by  their  decomposition  and 
oxidation ; they  can  in  no  way  become  used  up  and  useless. 
Why,  therefore,  are  they  renewed?  Even  water  behaves 
differently  to  the  salts ; it  assists  in  the  elimination  of  the 
waste  products  of  tissue-metamorphosis.  The  kidneys  can 
only  separate  the  nitrogenous  substances  when  in  a watery 
solution.  The  diffusion  of  gases  in  the  lungs  is  only  possible 
while  the  surface  of  the  lungs  is  moist.  The  expired  air  is 
saturated  with  watery  vapour.  The  evaporation  of  water 
from  the  surface  of  the  skin  plays  a most  important  part 
in  regulating  the  heat  of  the  body.  The  a priori  necessity  for 
a constant  supply  of  water  is  thus  likewise  evident.  But  it 
is  otherwise  with  the  salts.  It  is  conceivable  that  if  only  the 
organic  aliments  and  water  always  entered  the  organism  in 
sufficient  quantity,  the  inorganic  salts  arising  from  the  decay 
of  the  tissues  might  again  be  used  in  the  reconstruction  of 
the  tissues.  Even  if  a little  waste  were  unavoidable,  as  by 
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excretion  with  the  faeces,  in  consequence  of  incomplete 
absorption  of  the  gastric  juices,  by  the  scaling  off  of  the 
epidermis,  the  loss  of  hair,  etc.,  yet  we  might  expect  that 
the  full-grown  organism  would  cling  firmly  to  its  store  of 
salts,  and  would  require  but  a very  small  additional  supply. 
The  constant  supply  of  salts  in  considerable  quantities  is  not 
an  ä priori  necessity  for  the  adult. 

We  must,  therefore,  determine  the  question  by  experiment. 
We  might  feed  a full-grown  animal  for  a long  period  exclu- 
sively on  organic  aliments  and  water,  and  ascertain  the  dis- 
turbances that  would  occur,  and  the  length  of  time  it  would 
live  on  such  a diet.  This  experiment  on  the  fundamental 
interchange  of  tissues  had,  until  quite  recently,  only  once 
been  made  by  Forster,  Yoit’s  assistant  in  Munich.* 

Forster  met  with  insuperable  difficulties  when  he  tried  to 
obtain  food  free  from  ash.  It  is  possible  to  get  carbohydrates 
and  fats  free  from  ash,  but  no  one  has  yet  succeeded  in 
separating  albumen  from  all  inorganic  matter.  Even  the 
crystalline  proteid  contains  all  the  constituents  of  ash  in 
small  quantity.  Forster,  in  his  experiments,  employed  the 
residue  of  the  meat  left  from  the  preparation  of  Liebig’s 
extract  of  meat.  After  boiling  it  repeatedly  with  distilled 
water  and  drying,  it  still  contained  0‘8  per  cent,  of  ash. 
Forster  fed  two  dogs  on  this  proteid  containing  this  small 
amount  of  salts,  as  well  as  on  fat,  sugar,  and  starch-flour. 
He  also  fed  three  pigeons  on  starch-flour  and  casein,  which 
likewise  contained  very  little  saline  ingredient. 

Forster  observed  that  the  animals  died  remarkably 
quickly  when  fed  on  this  diet.  The  three  pigeons  lived 
thirteen,  twenty-five,  and  twenty-nine  days.  One  of  the 
dogs  was  “ so  ill  at  the  end  of  thirty-six  days,  that  he  would 
certainly  have  died  in  a short  time  if  the  experiment  had 
been  continued,  while  the  other  was  dying  at  the  end  of 
twenty-six  days.”  When  completely  deprived  of  food,  dogs 
* J.  Forster,  Zeitschr.  f.  Biolog.,  vol.  is.  p.  297 : 1873. 
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live  from  forty  to  sixty  days.  Food  from  which  the  organic 
salts  have  been  removed  appears  to  be  more  rapidly  fatal  than 
the  deprivation  of  all  food. 

Forster  concludes,  from  these  experiments,  that  the  full- 
grown  animal  requires  considerable  quantities  of  inorganic 
salts.  An  objection  may,  however,  be  raised  to  this  con- 
clusion, for  there  is  one  condition  to  which  Forster  has 
omitted  to  draw  attention — I mean  the  formation  of  free 
sulphuric  acid  from  the  sulphur  of  the  proteid. 

Albumen  contains  from  ^ to  1^  per  cent,  of  sulphur,  which, 
in  the  decomposition  and  oxidation  of  proteid,  is  converted 
into  sulphuric  acid.  Eighty  per  cent,  of  the  sulphur  taken 
in  food  appears  in  this  form  in  the  urine.  Under  normal 
conditions  this  sulphuric  acid  is  united  with  the  bases  which 
are  taken  up  with  every  form  of  animal  and  vegetable  food. 
Animal  food  contains  basic  phosphates  of  the  alkalies, 
carbonates  of  the  alkalies,  and  alkali-albuminates ; vegetable 
food  yields,  in  addition,  the  alkaline  salts  of  vegetable  acids, 
such  as  tartaric,  citric,  malic,  etc.,  which  in  the  organism 
are  converted  into  carbonates  by  combustion.  These  bases 
saturate  the  sulphuric  acid  produced  by  the  combustion  of 
proteid.  If  the  basic  salts  are  removed  from  the  food,  this 
powerful  acid  finds  no  bases  at  hand  to  neutralize  it,  and 
consequently  attacks  those  bases  which  are  integral  con- 
stituents of  the  living  tissues ; figuratively,  it  may  be  said 
to  wrench  individual  bricks  out  of  their  places,  and  thus  to 
induce  the  destruction  of  the  edifice.*  This  appears  to  me 
to  be  the  cause  of  the  rapid  death  in  the  animals  experi- 
mented upon  by  Forster.  The  remarkable  fact  that  the  dogs 
died  in  a shorter  time  than  when  simply  starved,  would  be 

* As  we  shall  see  later  on  (vide  Lecture  XVI.),  the  organism  of  the  dog  is 
able  to  protect  itself  against  the  injurious  action  of  free  acids,  by  separating 
ammonia  from  the  nitrogenous  organic  compounds.  But  this  power  is  not 
unlimited,  and  it  is  doubtful  whether  the  ammonia  is  invariably  present  in  the 
particular  cells,  in  which  the  sulphuric  acid,  thus  liberated,  begins  its  work  of 
destruction. 
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explicable  on  this  ground.*  The  correctness  of  this  reasoning 
has  been  tested  experimentally  by  Lunin. f 

Lunin  fed  a certain  number  of  his  animals  with  food 
deprived  of  its  mineral  constituents  ; the  others  were  treated 
in  a similar  way,  but  with  an  addition  of  carbonate  of  soda, 
which  was  just  sufficient  to  neutralize  the  sulphuric  acid 
formed  from  the  sulphur  of  the  proteid. 

It  was  important  to  use  as  large  a number  of  animals  as 
possible,  in  order  to  eliminate  the  influence  of  accidental 
factors,  and  thus  arrive  at  a reliable  result.  Mice  were 
therefore  chosen  for  the  purpose,  since  it  would  have  been 
almost  impossible  to  obtain  food  free  from  mineral  con- 
stituents in  the  quantity  requisite  for  a number  of  large 
animals. 

The  food  was  prepared  in  the  following  manner.  By 
precipitating  diluted  milk  with  acetic  acid,  and  washing  the 
finely  flocculent  coagulum  with  water  acidified  with  acetic 
acid,  a mixture  of  fat  and  casein  was  obtained,  which  only 
contained  from  "05  to  *08  of  ash  in  100  parts  of  dry  matter, 
therefore  ten  times  less  salts  than  in  the  experiments  of 
Forster.  To  this  mixture,  cane  sugar,  which  left  no  ash, 
was  added  as  a representative  of  the  third  group  of  food- 
stuffs. 

On  this  food  and  distilled  water,  five  mice  lived  eleven, 
thirteen,  fourteen,  fifteen,  and  twenty-one  days.  Two  mice 
that  were  completely  starved,  lived  four  days ; two  more  only 
three  days. 

Again,  six  mice  were  fed  upon  the  same  food  with  the 
addition  of  carbonate  of  soda.  These  lived  sixteen,  twenty- 
three,  twenty-four,  twenty-six,  twenty-seven,  and  thirty  days, 
therefore  twice  as  long  as  the  animals  which  had  no  base  to 
saturate  the  sulphuric  acid  formed. 

* G.  Bunge,  Zeitschr.  f.  Biolog.  vol.  x.  p.  130 : 1874. 

t N.  Lunin,  “ lieber  die  Bedeutung  der  anorganischen  Salze  für  die  Ernäh- 
rung des  Thieres,”  Dissert. : Dorpat,  18S0.  Reprinted  in  Zeitschr.  f.  physiol. 
Ghem.,  bd.  v.  p.  31 : 1881. 
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It  might  be  objected  that  the  animals  lived  longer,  not 
because  of  the  neutralization  of  the  sulphuric  acid,  but 
because  they  obtained  at  least  one  inorganic  ingredient. 
This  objection  is  answered  by  the  following  experiment,  in 
which  seven  mice  were  given,  ceteris  paribus,  instead  of  the 
carbonate  of  soda,  an  equivalent  quantity  of  chloride  of 
sodium — that  is,  a neutral  salt  incapable  of  neutralizing  the 
sulphuric  acid.  The  seven  mice  expired  after  six,  ten,  eleven, 
fifteen,  sixteen,  seventeen,  and  twenty  days.  In  this  case, 
although  they  received  two  inorganic  substances,  sodium  and 
chlorine,  they  lived  only  half  as  long  as  the  animals  which 
received  but  one,  sodium,  and,  in  fact,  no  longer  than  the 
animals  which  had  no  inorganic  addition  at  all.  The 
experiments  were  in  complete  accordance  with  my  deduc- 
tions. As  a control,  two  parallel  series  of  experiments  with 
potassium  chloride  and  potassium  carbonate  were  carried  out, 
and  gave  precisely  the  same  results. 

By  preventing  the  formation  of  free  sulphuric  acid,  the 
animals  lived  twice  as  long,  but  still  for  a very  short  period. 
As  the  action  of  the  acid  could  not  have  caused  their  death, 
what  made  the  mice  die?  Was  the  composition  of  the 
organic  food  insufficient  ? In  order  to  decide  this  question, 
all  the  inorganic  salts  of  milk  were  added  to  the  same 
artificial  mixture  of  organic  food,  in  the  exact  proportions 
in  which  they  exist  in  the  ash  of  milk,  and  in  the  same 
relation  to  the  amount  of  organic  matter  as  in  milk.  Six 
mice  lived  twenty,  twenty-three,  twenty-three,  twenty-nine, 
thirty,  and  thirty-one  days  upon  this  mixture — no  longer 
than  they  did  with  the  carbonate  of  soda  only.  Of  three 
mice  which  were  fed  exclusively  on  cow’s  milk,  one  died 
after  forty-seven  days,  and,  as  dissection  showed,  of  in- 
tussusception (compare  p.  82) ; the  two  others  lived  in 
their  cage  for  two  and  a half  months,  grew  considerably 
fatter,  and  were  in  capital  condition  when  the  experiment 
ceased. 


118 


LECTURE  VII. 


It  is  a noteworthy  fact  that,  although  animals  can  live  on 
milk  alone,  yet  if  all  the  constituents  of  milk  which  according 
to  the  present  teaching  of  physiology  are  necessary  for  the 
maintenance  of  the  organism  he  mixed  together,  the  animals 
rapidly  die.  Cannot  cane  sugar  take  the  place  of  sugar  of 
milk  ? Or  are  the  inorganic  and  organic  constituents  of  milk 
chemically  combined,  and  only  assimilable  in  this  combina- 
tion ? On  precipitation  of  the  casein  by  acetic  acid,  the 
small  amount  of  albumen  in  the  milk  remained  in  solution. 
Cannot  this  albumen  be  replaced  by  the  casein  ? Or  does 
milk  contain,  in  addition  to  proteid,  fat,  and  carbohydrates, 
other  organic  substances,  which  are  also  indispensable  to  the 
maintenance  of  life  ? It  would  be  worth  while  to  continue 
the  experiments. 

The  question  as  to  the  need  of  adult  animals  for  inorganic 
salts  cannot  be  considered  as  settled.  Before  it  can  be 
decided,  we  must  become  intimately  acquainted  with  all  the 
organic  food-stuffs  which  are  indispensable;  we  must  also 
manage  to  combine  them  in  such  a way,  that  they  may 
be  palatable  to  the  animals  during  lengthened  experiments. 
Finally,  we  must  be  able  to  saturate  the  sulphuric  acid 
resulting  from  the  proteid — by  means  of  a harmless  organic 
base,  such  as  by  creatinin  or  neurin — without  the  addition 
of  inorganic  bases.  But  even  then  it  would  probably  be 
impossible  to  come  to  a decision,  because  it  is  beyond  our 
power  to  ensure  the  presence  of  the  base  at  the  spot  where 
the  sulphuric  acid  is  set  free,  or  because  the  sulphates, 
formed  with  the  base  thus  artificially  introduced,  expel  the 
normal  salts  from  the  tissues  (compare  p.  120).  The  difficulty 
appears  for  the  present  to  be  insuperable. 

There  is  only  one  inorganic  salt  about  which  I must  add 
a few  words,  because  it  holds  a rather  exceptional  position — 
common  salt. 

It  is  a very  remarkable  fact,  that  of  all  the  inorganic 
salts  in  our  bodies  we  only  take  one  with  our  organic  food, 
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and  that  is  common  salt.  We  obtain  enough  of  all  the  other 
salts  from  the  amount  contained  in  our  food,  and  we  never 
think  of  providing  ourselves  with  them  separately.  Common 
salt  forms  the  only  exception,  which  is  the  more  remarkable 
as  our  diet  is  by  no  means  deficient  in  it.  All  vegetable  and 
animal  food  contains  considerable  quantities  of  chlorine  and 
sodium.  Why  do  these  quantities  not  suffice,  and  why  do  we 
add  rock-salt  ? 

In  the  earlier  experiments  made  to  decide  this  point,  one 
fact  was  quite  overlooked,  which  appears  to  me  likely  to  lead 
to  a correct  solution  of  the  difficulty.  I mean  the  fact  that 
the  desire  for  salt  in  the  food  was  only  observed  in  the  case 
of  herbivora,  and  never  in  the  case  of  carnivora.  Our 
carnivorous  domestic  animals,  the  dog  and  the  cat,  prefer 
unsalted  to  salted  food,  and  show  great  dislike  to  very  salt 
food,  while  the  domesticated  herbivora  are  well  known  to  be 
very  fond  of  salt.  The  same  thing  has  been  observed  in  wild 
animals.  It  is  a known  fact  that  wild  ruminants  and  hoofed 
animals  seek  out  salt-rocks  and  pools,  and  places  where  salt 
effloresces,  to  lick  the  salt,  and  that  hunters  watch  for  them 
at  such  places,  or  expose  salt  as  a bait.  This  has  been 
noticed  by  numerous  travellers  with  herbivora  of  all  countries 
and  climates,  but  it  has  never  been  observed  in  the  case  of 
beasts  of  prey. 

This  difference  is  the  more  striking  as  the  amount  of  salt 
which  herbivorous  animals  take  in  with  their  food  is,  com- 
pared with  the  weight  of  the  body,  generally  not  much  less 
than  that  consumed  by  carnivorous  animals.  On  the  other 
hand,  there  is  a considerable  difference  in  another  constituent 
of  the  ash  of  their  food,  in  the  potassium.  Herbivorous 
animals  take  at  least  three  or  four  times  as  much  of  salts  of 
potassium  as  the  carnivora.  This  fact  leads  me  to  imagine 
that  the  abundance  of  potassium  in  vegetable  food  is  the 
cause  of  the  need  for  salt  in  the  herbivora. 

If,  for  instance,  a salt  of  potassium,  such  as  potassium 
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carbonate,  meets  with  common  salt,  or  chloride  of  sodium, 
in  solution,  a partial  exchange  takes  place;  chloride  of 
potq*ssium  and  carbonate  of  sodium  are  formed.  Now, 
chloride  of  sodium  is  well  known  to  be  the  chief  constituent 
among  the  inorganic  salts  of  blood-plasma.  When,  therefore, 
salts  of  potassium  reach  the  blood  by  the  absorption  of  food, 
an  exchange  takes  place.  Chloride  of  potassium  and  the 
sodium  salt  of  the  acid  which  was  combined  with  the 
potassium,  are  formed.  Instead  of  the  chloride  of  sodium, 
therefore,  the  blood  now  contains  another  sodium  salt,  which 
did  not  form  part  of  the  normal  composition  of  the  blood,  or 
at  any  rate  not  in  so  large  a proportion.  A foreign  con- 
stituent or  an  excess  of  a normal  constituent,  i.e.  sodium 
carbonate,  has  arisen  in  the  blood.  But  the  kidneys  possess 
the  function  of  maintaining  the  same  composition  of  the 
blood,  and  of  thus  eliminating  every  abnormal  constituent 
and  any  excess  of  a normal  constituent.  The  sodium  salt 
formed  is  therefore 'ejected  by  the  kidneys,  together  with  the 
chloride  of  potassium,  and  the  blood  becomes  poorer  in 
chlorine  and  sodium.  Common  salt  is  therefore  withdrawn 
from  the  organism  by  the  ingestion  of  potassium  salts.  This 
loss  can  only  be  made  up  from  without,  and  this  explains  the 
fact  that  animals,  which  live  on  a diet  rich  in  potassium, 
have  a longing  for  salt. 

I have  proved  the  correctness  of  this  deduction  by  experi- 
ment. To  a diet  of  uniform  character  salts  of  potassium  were 
one  day  added,  the  consequence  being  a striking  increase  in 
the  excretion  of  chlorine  and  sodium.  I have  tried  this 
experiment  on  myself,  with  all  the  salts  of  potassium  which 
are  concerned  in  human  nutrition.  Eighteen  grammes  K20, 
as  phosphate  or  citrate,  divided  into  three  doses  during  the 
day,  took  up  6 grms.  of  common  salt  from  the  body,  besides 
2 grms.  of  sodium ; for  the  potassium  salts  effect  an  exchange, 
not  only  with  the  chloride,  but  also  with  other  compounds 
of  sodium,  as  albuminate,  carbonate,  and  phosphate. 
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The  amount  of  potassium  taken  in  these  experiments  was 
not  large — in  fact,  much  less  than  that  introduced  with  the 
most  important  vegetable  articles  of  diet ; and  yet  6 grms.  of 
salt  were  withdrawn  from  the  organism  by  it.  This  is  about 
one-half  of  the  common  salt  which  is  contained  in  the  5 litres 
of  a man’s  blood.  That  other  tissues  likewise  suffer  by  this 
loss  is  undoubted.  But  in  the  first  instance  the  blood  is 
chiefly  affected,  and  I think  that  if  this  loss  in  the  blood  was 
covered  by  a comparatively  small  loss  in  the  other  tissues,  a 
fresh  addition  of  potassium  must  have  the  effect  of  producing 
a fresh  loss  of  sodium.  Experiments  of  this  kind  have  not 
yet  been  made.  It  has  not  yet  been  ascertained  up  to 
what  point  the  body  will  continue  to  give  up  sodium,  when 
potassium  is  constantly  taken.  There  is  no  doubt  that  a 
point  would  soon  be  reached  at  which  the  body  would  stoutly 
retain  its  remaining  sodium. 

But  even  those  quantities  of  chlorine  and  sodium,  the 
loss  of  which  I have  specially  investigated,  appear  to  me 
sufficiently  large  to  account  for  the  need  to  replace  them 
caused  by  eating  vegetables  containing  an  abundance  of 
potassium.  Having  regard  to  the  important  part  which  salt 
plays  in  the  organism  (as  in  the  formation  of  the  digestive 
secretion,  or  in  dissolving  the  globulins),  even  a small 
diminution  may  be  prejudicial  to  certain  functions,  and  may 
give  rise  to  the  need  of  recovering  the  loss. 

As  already  mentioned,  the  amount  of  potassium  taken  in 
my  experiments  was  not  more  than  18  grms.  A man  who 
lives  chiefly  on  potatoes  takes,  in  the  course  of  the  day,  up 
to  40  grms.  of  potassium.  This  explains  the  reason  why 
potatoes  are  so  unpalatable  without  salt,  and  are  eaten  every- 
where with  well-salted  adjuncts.  Like  potatoes,  all  the 
other  important  vegetable  articles  of  diet,  the  cereals  and 
leguminosae,  are  very  rich  in  potassium,  and  this  explains 
the  fact  that  country  people,  living  mainly  on  a vegetable 
diet,  use  more  salt  than  the  inhabitants  of  towns,  who  eat  a 
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great  deal  of  animal  food.  It  has  been  statistically  shown  in 
France  that  people  living  in  the  country  eat  three  times  as 
much  salt  per  head  as  those  in  towns. 

We  may  now  ask  what  the  people  do  who  take  no  vege- 
table food  at  all.  There  are  whole  tribes  of  hunters,  fisher- 
men, and  other  nomads,  who  live  entirely  on  animal  food. 
We  might  expect  that  these  people  would,  like  the  carnivorous 
animals,  have  a disinclination  for  salt.  This  is  in  fact  the 
case.  In  order  to  ascertain  this,  I have  gone  through  a 
very  large  number  of  works  of  travel,  and  have  obtained 
a great  deal  of  information  from  recent  travellers,  either 
personally  or  by  letter.  From  all  this  it  appears  to  be  a 
universal  rule,  that  in  all  times  and  in  all  lands  those  people 
who  live  entirely  upon  animal  food  either  have  never  heard 
of  salt,  or,  if  they  possess  it,  avoid  it ; whereas  the  people 
whose  staple  food  is  vegetable  have  the  greatest  desire  for 
it,  and  regard  it  as  an  indispensable  article  of  diet. 

This  difference  was  manifested  as  far  back  as  the  ancient 
Greek  and  Eoman  times,  when  the  sacrificial  animals  were 
always  offered  to  the  gods  without  salt,  but  the  fruits  of  the 
earth  with  salt.  The  Mosaic  law  expressly  commanded  the 
Jews  to  offer  gifts  of  vegetable  fruits  accompanied  by  salt 
to  their  Deity.* 

The  Indo-Germanic  languages  have  no  common  word  for 
salt,  just  as  they  have  none  for  farming  industries,  whereas 
the  terms  used  in  cattle-breeding  may  mostly  be  traced  back 
to  common  roots.  This  probably  shows  that  the  Indo-Ger- 
manic  tribes  knew  nothing  about  salt  so  long  as  they  were 
wandering  about — an  undifferentiated  nation — pasturing  their 
flocks  on  the  summit  and  slopes  of  the  mighty  Bulur-Tagh. 
They  first  became  acquainted  with  it  after  their  dispersion, 

* The  sources  of  these  and  all  following  statements  concerning  the  use  of 
salt  among  different  nations,  are  quoted  in  my  work,  “Ethnologischer  Nachtrag 
zur  Abhandlung  über  die  Bedeutung  des  Kochsalzes  u.  s.  w,”  Zeitschr.f.  Biolog., 
vol.  x.  p.  111  : 1874. 
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when  they  began  farming  and  took  to  vegetable  food.  In 
the  time  depicted  by  Tacitus,  we  find  the  Germans  just 
adopting  fixed  places  of  abode,  and  beginning  to  devote 
themselves  to  agriculture.  But  at  this  time  they  did  not 
know  how  to  obtain  a regular  supply  of  salt,  although  the 
desire  for  it  was  already  awakened  in  them,  since  Tacitus 
gives  accounts  of  raging  and  decimating  wars,  which  were 
carried  on  by  different  tribes  for  the  possession  of  the  salt- 
mines on  the  frontiers. 

The  Finnish  languages  have  up  to  the  present  day  no 
word  for  salt.  The  western  Finlanders,  who  are  now  engaged 
in  farming,  use  salt  and  call  it  by  the  German  name.  On  the 
other  hand,  the  eastern  Finlanders,  who  still  lead  hunters’ 
and  nomads’  lives,  use  no  salt  whatever,  and  this  is  the 
case  with  all  the  other  hunting,  fishing,  and  nomadic  tribes 
in  the  north  of  Bussia  and  in  Siberia.  It  is  not  because 
they  are  unacquainted  with  salt,  or  cannot  procure  it,  but 
because  they  have  a decided  dislike  to  it.  In  all  parts  of 
Siberia  there  are  rock-salt  strata,  salt  lakes,  and  salt  efflores- 
cences. The  Siberian  hunters  are  only  interested  in  these 
salt  strata  because  the  flocks  of  reindeer  assemble  in  these 
places  to  lick  the  salt ; the  hunters  themselves  devour  their 
meat  without  it.  A large  number  of  Siberian  travellers  have 
informed  me,  both  personally  and  by  letter,  that  such  is  the 
case  with  all  the  Siberian  tribes.  The  mineralogist,  C.  von 
Ditmar,  who  travelled  over  the  whole  of  Siberia  between  1851 
and  1856,  and  lived  for  a long  time  among  the  Kamtschadales, 
writes  to  me  as  follows  : “ I have  frequently  in  my  travels, 
given  those  people  (Kamtschadales,  Korachs,  Tschuktschen, 
Ainos,  Tunguses)  some  of  my  salted  viands  to  taste,  and 
have  noticed  the  grimaces  they  made,  showing  how  much 
they  disliked  it.”  Ditmar  relates  how  the  Kamtschadales 
live  chiefly  on  fish,  which  they  throw  into  large  holes  dug 
in  the  ground,  where  the  whole  mass  is  soon  turned  into  a 
“ stinking  jelly.”  The  Bussian  Government,  disapproving 
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of  the  Kamtschadales’  favourite  food,  which  is  certainly  dis- 
gusting to  any  European,  and  must  be  unwholesome,  en- 
deavoured to  introduce  the  salting  of  fish,  by  stringent 
regulations.  Arrangements  were  made  at  Petropaulowski 
for  obtaining  salt  from  sea-water,  and  the  salt  was  sold  to 
the  Kamtschadales  at  a nominal  price.  The  Kamtschadales, 
who  are  an  uncommonly  docile  race,  obeyed  orders,  and  the 
fish  was  conscientiously  salted.  But  they  did  not  eat  it. 
They  kept  to  their  decomposing  fish ; and  at  the  time  that 
Ditmar  was  in  Kamschatka,  the  Russian  Government  had 
relinquished  the  task  of  persuading  them  as  hopeless.  Only 
the  old  people  still  spoke  of  that  period  as  of  a time  of 
plague.  Ditmar  relates  that  the  descendants  of  the  Russians 
in  Kamschatka  do  cultivate  European  vegetables,  hut  only 
in  small  quantities,  that  they  prefer  the  Kamtschadales’ 
bill  of  fare,  and  accordingly  their  use  of  salt  has  gradually 
diminished.  Vegetables  and  cereals  are  only  eaten  in  Petro- 
paulowski, and  here,  on  the  other  hand,  the  salt-cellar  is 
always  on  the  table. 

The  astronomer,  L.  Schwarz,  informed  me  that  on  his 
travels  in  the  country  of  the  Tunguses,  he  lived  exclusively 
on  reindeer-flesh  and  game.  This  diet  agreed  perfectly  with 
him,  and  he  never  experienced  any  wish  for  salt. 

But  as  it  might  be  thought  that  the  disinclination  of 
the  Siberian  tribes  for  salt  might  he  due,  not  to  the  animal 
food,  hut  to  the  northern  climate,  I will  refer  to  the  accounts 
of  the  inhabitants  of  warm  countries  who  live  on  an  animal 
diet,  and  yet  take  no  salt. 

In  the  Neilgherry  Hills  in  India,  a pastoral  tribe,  the 
Tudas,  was  first  discovered  during  the  present  century. 
Owing  to  their  being  surrounded  by  fever  marshes,  the 
English  had  always  been  prevented  reaching  them.  They 
were  totally  unacquainted  with  vegetable  food,  and  lived  on 
milk  and  buffalo-meat,  knowing  nothing  of  salt. 

The  Kirghese  also  live  on  meat  and  milk,  and  never  use 
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salt,  although  they  are  inhabitants  of  the  salt  steppes.  I 
was  informed  of  this  by  Baron  Maydell,  who  travelled  through 
the  Kirghese  Steppes  in  1845  and  in  1847. 

Sallust  relates  the  same  thing  of  the  Numidians : “ NumidaB 
plerumque  laete  et  ferina  carne  vescebautur  et  neque  salem 
neque  alia  irritamenta  gulas  quaerebant.”  There  is  an  abun- 
dance of  salt  on  the  north  coast  of  Africa. 

At  present  there  are  certain  tribes  of  Bedouins  in  Arabia 
who  live  under  conditions  similar  to  those  of  the  Numidians 
in  the  time  of  Sallust.  In  Wrede’s  Travels,  it  is  stated  that 
the  Bedouins  eat  meat  without  salt,  and  appear  to  consider 
the  use  of  salt  as  altogether  ridiculous. 

The  Bushmen  in  the  south  of  Africa  live  by  the  chase, 
and  do  not  use  any  salt. 

The  negro  races,  on  the  contrary,  are  agriculturists.  The 
interior  of  Africa  contains  but  little  salt.  At  the  present 
time  the  negroes  are  plentifully  supplied  with  salt,  both  by 
importation  and  by  salt-boiling  on  the  coast.  Among  the 
older  travellers,  Mungo  Park  gives  the  following  description 
of  the  longing  of  the  negroes  for  salt : “ In  the  districts  of 
the  interior,  salt  is  the  greatest  of  all  delicacies.  It  strikes 
a European  very  strangely  to  observe  a child  sucking  a piece 
of  rock-salt  as  if  it  were  sugar.  I have  frequently  seen  this 
done,  although  the  poorer  class  of  inhabitants  in  the  interior 
are  so  badly  provided  with  this  costly  article,  that  to  say 
that  a man  eats  salt  with  his  meal  is  equivalent  to  saying 
that  he  is  rich.  I myself  have  found  the  scarcity  of  this 
natural  product  very  trying.  Constant  vegetable  food  causes 
a painful  longing  for  salt  that  is  quite  indescribable.  On 
the  coast  of  Sierra  Leone,  the  desire  for  salt  was  so  keen 
among  the  negroes  that  they  gave  away  wives,  children,  and 
everything  that  was  dear  to  them,  in  return  for  it.” 

The  Indians  of  North  America  are  well  known  to  have 
been  hunters  and  fishermen  at  the  time  of  their  discovery ; 
they  did  not  use  salt,  although  the  North  American  prairies 
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are  full  of  it.  Only  a few  tribes  on  the  lower  course  of  the 
Mississippi  were  diligent  tillers  of  the  soil  at  the  time  of 
the  first  invasion  of  the  Spaniards.  It  is  related  of  these 
tribes  that  they  waged  wars  about  the  salt-springs. 

The  Mexicans  were  farmers,  and  understood  the  methods 
of  obtaining  salt.  The  same  account  is  given  of  the  natives 
whom  Columbus  met  with  in  the  West  Indian  Islands. 

The  shepherds  of  the  South  American  pampas,  who  live 
entirely  on  meat,  and  regard  vegetable  food  as  only  fit  for 
animals,  do  not  use  any  salt,  although  the  pampas  abound 
in  numberless  salt  lakes  and  incrustations.  The  neighbouring 
Araucanians,  on  the  other  hand,  who  were  farmers  at  the 
time  of  the  discovery  of  America,  made  use  both  of  sea-salt 
and  rock-salt.  The  inhabitants  of  New  Holland  were  hunters, 
and  employed  no  salt. 

Most  of  the  tribes  of  Australia  and  of  the  East  Indian 
Archipelago  live  on  a mixed  diet,  and  get  enough  salt  from 
the  marine  animals  that  they  eat.  But  there  is  an  account 
of  one  purely  agricultural  tribe  in  the  tropical  islands,  where 
the  people  live  almost  exclusively  on  the  produce  of  the  field, 
which  is  rich  in  potassium.  They  are  the  Battas,  in  Sumatra. 
We  should  expect  that  these  people  would  have  a great  desire 
for  salt.  For  a long  time  I was  unable  to  find  any  account 
about  it  in  any  books  of  travel,  till  at  last  I lighted  upon  a 
passage  in  a chapter  describing  their  modes  of  legal  proce- 
dure, in  which  it  said  that  the  solemn  form  of  oath  in  use 
among  them  ran  as  follows:  “May  my  harvest  fail,  my  cattle 
die,  and  may  I never  taste  salt  again,  if  I do  not  speak  the 
truth.” 

From  the  above  facts,  we  see  that  at  every  period,  in 
every  part  of  the  world,  and  in  every  climate,  there  are 
people  who  use  salt  as  well  as  those  who  do  not.  The 
people  who  take  salt,  though  differing  from  each  other  in 
every  other  respect,  are  all  characterised  by  a vegetable  diet ; 
in  the  same  way,  those  who  do  not  use  any  salt  are  all  alike 
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in  taking  animal  food.  We  see  that  whole  tribes,  when 
forsaking  their  nomadic  life  for  an  agricultural  one,  begin 
the  use  of  salt ; and  that,  vice  versa,  people  who  have  been 
accustomed  to  take  salt,  cease  to  do  so  when  they  emigrate 
and  settle  down  among  a flesh-eating  population.  We  see 
that  European  travellers,  if  their  supply  of  salt  fails  them  in 
foreign  countries,  do  not  feel  any  want  of  it  if  they  are  living 
on  animal  food ; hut  that,  on  the  other  hand,  they  experience 
“ a painful  longing  ” for  it  if  they  adopt  a vegetarian  mode 
of  living.  The  causal  connection  between  vegetable  food  and 
the  need  for  salt  is  undeniable.  It  might  be  still  doubted 
whether  it  is  really  the  abundance  of  potassium  in  the  vege- 
tables which  causes  this  need.  The  occurrence  of  potassium 
in  considerable  quantity  is  not  the  only  difference  between 
vegetable  and  animal  food.  The  following  facts  may  serve  to 
confirm  my  view  of  the  matter : — • 

One  important  article  of  vegetable  diet,  rice,  is  very  poor 
in  potassium  salts.  Eice  contains  six  times  less  potassium 
than  the  European  cereals  (wheat,  rye,  barley),  from  ten  to 
twenty  times  less  than  the  leguminos*,  and  from  twenty-six 
to  thirty  times  less  than  the  potato.  If  we  consume  enough 
rice  to  yield  100  grms.  of  proteid,  we  only  take  in  1 grm. 
K20  from  the  same  source.  But  if  we  consume  100  grms. 
of  proteid  in  the  form  of  potatoes,  we  should  at  the  same 
time  obtain  above  40  grms.  K20.  We  should,  therefore, 
expect  people  who  only  take  rice  and  no  other  vegetable  with 
their  meat,  to  have  no  desire  for  salt.  This  is  in  fact  the 
case,  and  is  universally  recorded  of  certain  tribes  of  Bedouins 
on  the  Arabian  Peninsula,  and  of  a few  races  in  the  East 
Indian  Islands. 

The  amount  of  potassium  and  sodium  in  the  different 
articles  of  vegetable  and  animal  food  eaten  by  man  and 
animals  may  be  gathered  from  the  following  tables  : — 
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TABLE  I. 

In  1000  Parts  of  Dehydrated  Material  the  Proportions  are — 


Arranged  according  to  increasing  amount  of 
potassium. 


k2o. 

Na.O. 

Rice  .. 

1 

003 

Bullock’s  blood 
Oats  ) 

2 

19-0 

Wheat  f 
Rye  f 
Barley  ) 

•• 

5-6 

0-1—  0-4 

Dog’s  milk  . . 

5—6 

20—  3-0 

Human  milk 

5—6 

10—  2-0 

Apples 

11 

01 

Peas . . 

12 

0-2 

Milk  of  herbivora 

9—17 

1-0— 10-0 

Hay  . . 

6—18 

0-3—  1-5 

Beef.. 

19 

3-0 

Beans 

21 

0-1 

Strawberries 

22 

02 

Clover 

23 

0-1 

Potatoes 

20—28 

0-3—  06 

Arranged  according  to  increasing  amount 
of  sodium. 


Na.O. 

Rice  . . 

0-03 

Apples 

0-07 

Beans 

0-13 

Peas  . . 

0-17 

Clover 

0-17 

Oats 

Wheat  ( 

0-l_  0-4 

Barley  1 

Rye  J 

Potatoes 

0-3—  0-6 

Hay 

0-3—  1-5 

Human  milk 

1-0—  2-0 

Dog’s  milk  . . 

2-0—  3-0 

Milk  of  herbivora  . . 

1-0— 10-0 

Beef. . 

3-0 

Bullock’s  blood 

19-0 

TABLE  II. 

For  One  Equivalent  Na20  the  Equivalents  of  K20  are — 


Equivalent 

K„0. 

Equivalent 

K„0. 

Bullock’s  blood 

0-07 

Barley 

14— 2 L 

Egg-albumen 

0-7 

Oats 

15—21 

Yolk  of  egg 

1-0 

Rice 

24 

The  whole  body  of  mam- 

Rye 

9—57 

mals 

0-7—  1-3 

Hay 

3—57 

Milk  of  carnivora  . . 

0-8—  1-6 

Potatoes 

31—42 

MaD  gel -wurzel 

20 

Peas 

44—50 

Human  milk 

1-0—  4-0 

Strawberries 

71 

Milk  of  herbivora  . . 

0-8—  6-0 

Clover 

90 

Beef 

4-0 

Apples 

100 

Wheat 

12-0—230 

Beans 

110 
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TABLE  III. 


For  every  100  Grms.  of  Proteid  we  get — 


KoO. 

Na.O. 

Bullock’s  blood 

0-2 

grms. 

2-0  grms. 

Rice 

1-0 

55 

0-03 

Beef 

2 0 

V 

0-3 

Wheat  1 

Rye  > . . 

2-0— 5-0 

55 

0-05-0-3  „ 

Peas  ] 

Human  milk  . . 

50-6-0 

5» 

1-0  —2-4  „ 

Potatoes 

42 

55 

0-7 

We  see  from  the  second  table  that  the  beast  of  prey,  which 
devours  every  part  of  an  animal,  obtains  potassium  and 
sodium  in  almost  equal  quantity.  This  is  the  case,  not  only 
with  mammals,  but  with  the  whole  class  of  vertebrates.* 

On  the  other  hand,  four  equivalents  of  potassium  are 
present  for  every  equivalent  of  sodium  in  the  bloodless  meat 
of  slaughtered  animals.  It  is,  therefore,  noteworthy  that  the 
people  who  live  on  an  animal  diet  without  salt,  carefully  avoid 
loss  of  blood  when  they  slaughter  the  animals.  This  was  told 
me  by  four  different  naturalists  who  have  lived  among  flesh- 
eaters  in  various  parts  of  northern  Russia  and  Siberia.  The 
Samoyedes,  when  dining  off  reindeer-flesh,  dip  every  mouthful 
in  blood  before  eating  it.  The  Esquimaux,  in  Greenland,  are 
said  to  plug  the  wound  as  soon  as  they  have  killed  a seal.f 
The  two  bases  are  also  contained  in  the  milk  of  carnivora 
in  equal  proportions,  whereas  potassium  generally  prepon- 
derates largely  in  the  milk  of  herbivora  and  in  human  milk, 
as  may  be  seen  by  a reference  to  Table  II.  This  shows  that 
man  and  herbivora  can  do  very  well  on  a diet,  in  which  the 
relation  is  from  four  to  six  equivalents  of  potassium  to  one 

* A.  von  Bezold,  “Das  chemische  Skelett  der  Wirbelthiere,”  Zeitschr.  für 
Wissenschaft!,.  Zoologie,  vol.  ix.  p.  211 : 1858  ; G.  Bunge,  Zeitschr.  f.  Biolog.,  vol.  x. 
p.  318:  1874. 

t The  exact  source  of  these  facts  is  given  in  the  Zeitschr.  f.  Biolog.,  vol.  x. 
p.  115:  ann.  1874. 
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equivalent  of  sodium,  without  any  addition  of  salt.  And  there 
are  many  vegetables  in  which  the  proportion  is  no  higher.  In 
hay,  which  is  a mixture  of  all  kinds  of  herbage,  the  proportion 
is  sometimes,  as  the  above  table  shows,  only  as  three  to  one. 
It  is  a fact  that  many  wild  herbivorous  mammals,  such  as 
hares  and  rabbits,  never  eat  salt,  and  in  many  places  it  is 
not  offered  to  herbivorous  domestic  mammals.  A keen  desire 
for  salt  would  only  be  awakened  in  these  animals  if  they 
were  exclusively  fed  on  one  of  the  varieties  of  herbage  con- 
taining both  the  most  potassium  and  the  least  sodium,  such 
as  clover.  The  wild  herbivora  perhaps  instinctively  avoid 
browsing  only  on  the  herbage  that  contains  the  largest  propor- 
tion of  potassium.  But  the  domesticated  animals  would 
suffer  if  they  were  given  food  that  was  very  rich  in  potassium, 
without  salt.  I will  not  affirm  that  they  could  not  exist  under 
this  treatment,  although  farmers  have  found  by  experience 
that  the  animals  eat  more  and  thrive  better  if  they  are 
allowed  to  have  salt,  and  even  that  obvious  ill-effects  follow 
a complete  abstinence  from  this  article.*  Nor  do  I maintain 
that  human  beings  cannot  exist  without  salt  on  a diet 
almost  entirely  vegetarian.  But  if  we  had  no  salt,  we  should 
have  a strong  disinclination  to  eat  large  quantities  of  a vege- 
table rich  in  potassium,  such  as  potatoes.  The  use  of  salt 
enables  us  to  employ  a larger  variety  of  the  earth’s  products 
as  food  than  we  could  without  it. 

It  is  particularly  worthy  of  note  that  those  articles  of  diet 
in  which,  according  to  Table  II.,  the  proportion  of  potassium 
to  sodium  is  the  highest,  such  as  rye,  potatoes,  peas,  and 
beans,  are  the  very  ones  that  form  the  staple  food  of  the  lower 
classes  in  Europe.  The  injustice  of  a salt-tax  is  therefore 
apparent,  for  the  poorer  a man  is  the  more  he  is  forced  to 

* Barral,  “Statique  ckimique  des  animaux,  applique'e  specialement  a la 
question  de  l’emploi  agricole  du  sei:”  Paris,  1850;  Boussiugault,  Ann.  de  Chim. 
et  de  Phys.,  ser.  Ill,  t.  xxii.  p.  116:  1818.  Demesinay,  Journal  des  Economistes, 
t.  xxv.  pp.  7,  251 : 1819  ; Desaive,  “Ueber  den  vielseitigen  Nutzen  des  Salzes  in 
der  Landwirtkscliaft,”  Deutsch  von  Protz  : Leipzig,  1852. 
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live  on  the  vegetables  containing  the  largest  amount  of  potas- 
sium, and  the  greater  his  consumption  of  salt  in  consequence. 

In  passing,  I must  call  attention  to  the  fact  that  we  are 
accustomed  to  take  far  too  much  salt  with  our  viands.  Salt 
is  not  only  an  aliment,  it  is  also  a condiment,  and  easily 
lends  itself,  as  all  such  things  do,  to  abuse.  A glance  at 
Table  III.  shows  us  how  little  salt  need  be  added  to  most 
articles  of  diet  in  order  to  preserve  the  same  proportion  of 
the  alkalies  as  in  milk.  For  instance,  from  1 to  2 grins,  of 
salt  in  the  day  would  be  sufficient  to  add  to  a diet  of  cereals 
and  leguminosae,  or  a few  decigrammes  to  a diet  of  rice. 
Instead  of  this,  most  people  take  from  20  to  30  grms.  daily, 
and  frequently  even  more. 

We  must  ask  whether  our  kidneys  are  really  able  to 
eliminate  such  large  quantities  of  salt  ? Do  we  not  impose 
too  great  a task  upon  them,  and  may  it  not  be  fraught  with 
serious  consequences?  When  on  a diet  of  meat  and  bread, 
without  salt,  we  excrete  not  more  than  from  6 to  8 grms.  of 
alkaline  salts  in  twenty-four  hours.  With  a diet  of  potatoes, 
and  a corresponding  addition  of  salt,  over  100  grms.  of 
alkaline  salts  pass  through  the  kidneys  in  the  day.  May 
not  there  be  danger  in  this  ? The  habit  of  drinking  spirituous 
liquors,  which,  moreover,  is  reckoned  one  of  the  causes  of 
chronic  nephritis,  also  brings  about  the  immoderate  use  of 
salt,  and  thus  one  sin  against  nature  leads  to  another. 
These  are  questions  to  which  I would  direct  the  attention  of 
practitioners. 

There  is  no  organ  in  our  body  so  mercilessly  illtreated  as 
the  kidneys.  The  stomach  reacts  against  overloading.  The 
kidneys  are  obliged  to  let  everything  pass  through  them, 
and  the  harm  done  to  them  is  not  felt  till  it  is  too  late  to 
avoid  the  evil  consequences. 

I would  further  call  attention  to  the  slight  amount  of 
work  that  devolves  upon  the  kidneys  when  rice  is  the  staple 
food.  Only  2 grms.  of  alkaline  salts  are  excreted  in  twenty- 
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four  hours.  The  superiority  of  rice  (which  has  for  centuries 
been  the  food  of  the  majority  of  mankind — Persians,  Indians, 
Chinese,  Japanese)  over  potato  is  evident.  Should  not  rice 
he  employed  as  a chief  article  of  diet  in  patients  with  renal 
disease  ? The  same  with  affections  of  the  stomach,  for  the 
potassium  salts  act  as  a powerful  irritant  to  the  gastric 
mucous  membrane,*  and  rice  contains  less  of  these  than  any 
other  article  of  food. 

I cannot  leave  this  subject  without,  in  conclusion,  giving 
expression  to  one  other  theory  which  is  becoming  more  and 
more  a conviction  with  me,  and  in  proof  of  which  I have 
carried  out  a series  of  troublesome  experiments.  I have  not 
hitherto  ventured  to  publish  them,  because  I was  well  aware 
that  the  theory  might  be  thought  very  fanciful  while  the 
grounds  upon  which  it  was  built  were  still  so  scanty.  I am, 
however,  convinced  that  the  remarkably  high  percentage  of 
salt  in  vertebrate  animals,  as  well  as  the  desire  to  take  salt 
with  our  food,  can  only  be  satisfactorily  explained  by  the 
theory  of  evolution. 

Let  us  glance  at  the  distribution  of  the  two  alkalies, 
potassium  and  sodium,  over  the  whole  surface  of  the  globe. 
In  our  introductory  remarks  on  the  circulation  of  the 
elements,  I mentioned  the  struggle  that  went  on  between 
the  carbonic  acid  and  the  silicic  acid  for  the  possession  of 
the  bases  (see  p.  17).  In  this  conflict,  the  carbonic  acid 
shows  a greater  affinity  for  sodium,  and  the  silicic  acid  for 
potassium.  By  the  action  of  the  weather  on  silicic  rocks, 
the  sodium,  after  decomposition,  is  dissolved  in  water  as  a 
carbonate,  and  trickles  with  the  water  into  the  ground. 
The  potassium,  on  the  contrary,  with  other  bases,  especially 
alumina,  remains  combined  with  the  silicic  acid,  and  continues 
to  lie  on  the  surface  as  an  insoluble  double  salt.  When  the 
sodium  carbonate  reaches  the  sea  by  means  of  springs, 

* G.  Bunge,  Zeitsclir.f.  Bioloq.,  vol.  ix.  p.  130:  1973;  and  Pfliiger’s  Arch.., 
vol.  iv.  pp.  277,  280  : 1871. 
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streams,  and  rivers,  it  is  converted  by  the  chlorides  of  the 
alkaline  earths  into  common  salt,  and  insoluble  carbonates 
of  the  alkaline  earths  are  formed,  which  sink  to  the  bottom, 
and  are  continually  building  up  whole  mountain  ranges  in 
the  shape  of  lime,  chalk,  and  dolomite.  Sea-water  is  thus 
rich  in  common  salt,  poor  in  potassium  salts,  while  the 
surface  of  dry  land  is  rich  in  potassium  salts  and  poor  in 
common  salt. 

The  amount  of  common  salt  in  the  organism  corresponds 
with  the  amount  in  the  environment.  Sodium  differs  in 
this  respect  from  potassium,  which  is  an  integral,  indis- 
pensable constituent  of  every  vegetable  and  animal  cell. 
Every  cell  has  the  power  of  withdrawing  and  of  assimilating 
the  requisite  amount  of  this  base,  even  from  the  most 
scantily  supplied  soil.  All  sea  and  land  plants,  therefore, 
contain  an  abundance  of  potassium.  Sodium,  on  the  other 
hand,  does  not  appear  to  play  such  an  important  part. 
Many  plants  contain  only  traces  of  sodium ; those . which 
are  rich  in  it  are  only  the  seaweeds  and  the  plants  which 
grow  on  the  sea-shore,  and  on  the  salt  steppes,  which  are 
dried-up  sea-basins.  There  are  only  a few  apparent  excep- 
tions to  this  rule,  as,  for  instance,  in  the  classes  of  Chenopo- 
dium  and  Atriplex.  But  these  species  thrive  only  in  a saline 
soil ; they  are  closely  allied  to  the  denizens  of  the  salt 
steppes,  and  have  probably  migrated  from  there.  Among 
cultivated  plants,  the  Beta  altissima,  which  also  belongs  to 
the  Chenopodiacae,  is  the  only  one  rich  in  sodium,  and  this 
was  originally  indigenous  on  the  sea-coast. 

This  is  also  the  case  with  invertebrate  animals ; only 
those  which  live  in  the  sea,  and  those  nearest  allied  to  them 
on  land,  contain  much  salt.  The  typical  representatives  of 
land  invertebrates,  the  insects,  have  very  little  salt  in  them. 
I have  myself  made  an  analysis  which  proves  that  they  do 
not  contain  more  sodium  than  the  plants  from  which  they 
derive  their  nourishment. 
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The  land  vertebrates  are  all  remarkably  rich  in  salt,  in 
spite  of  the  scanty  supply  around  them.  But  even  these 
are  only  apparent  exceptions.  We  need  hut  remember  the 
fact  that  the  first  vertebrates  on  our  planet  all  lived  in  the 
sea.  Is  not  the  large  amount  of  chloride  of  sodium  found 
in  the  present  inhabitants  of  dry  land  another  proof  of  the 
genealogical  connection  which  we  are  forced  to  accept  from 
morphological  facts  ? There  is  no  doubt  that  each  of  us  in 
his  individual  development  has  gone  through  a stage  in  which 
he  still  possessed  the  chorda  dorsalis  and  the  branchial 
arches  of  his  sea-dwelling  ancestors.  Why  may  not  the 
high  average  of  salt  in  our  tissues  he  also  inherited  from 
them  ? 

If  this  interpretation  he  correct,  we  should  expect  that  the 
younger  the  vertebrates  are  in  their  individual  development, 
the  more  salt  they  would  possess.  This  is  in  fact  the  case. 
I have  convinced  myself  by  numerous  experiments  that  an 
embryo  of  a mammal  contains  more  salt  than  an  animal 
just  born,  and  that  it  gradually  becomes,  after  birth,  poorer 
in  chlorine  and  sodium  as  it  develops.  Cartilage  contains 
the  most  sodium  of  any  tissue  in  our  bodies,  besides  being 
also  the  tissue  of  greatest  antiquity.  It  is  histologically 
identical  with  the  tissue  which  still  survives  in  the  skeleton 
of  the  selachians,  a salt-water  animal,  during  its  whole  life. 
The  human  skeleton,  as  every  one  knows,  is  originally  also 
composed  of  cartilage,  and  even  before  birth  much  of  this 
is  replaced  by  bone.  This  phenomenon  cannot  he  understood 
on  teleological  grounds  ; it  can  only  be  explained  by  the 
theory  of  evolution.  We  cannot  assume  that  the  cartilage 
period  must  be  passed  through  in  order  that  the  bone  may 
develop  from  the  cartilage.  This  is  not  the  fact.  Bone  does 
not  arise  from  cartilage.  The  cartilage  is  entirely  absorbed, 
and  the  hone  grows  from  the  perichondrium  to  take  the 
place  of  the  cartilage.  And,  in  addition,  the  oldest  formation, 
the  cartilage,  also  contains  the  largest  proportion  of  sodium. 
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These  are  facts  which  lead  most  readily  to  the  interpreta- 
tion that  the  vertebrates  living  on  dry  land  originally  came 
from  the  sea,  and  are  still  continuing  to  adapt  themselves 
to  their  present  surroundings,  where  they  can  get  but  little 
salt.  We  prolong  this  process  of  acclimatization  by  taking 
advantage  of  the  salt  strata  which  have  been  left  on  the 
land  by  our  primeval  element,  the  salt  flood. 
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LECTURE  VIII. 

SUBSIDIARY  ARTICLES  OF  DIET. 

Man,  together  with  all  animals,  consumes  certain  articles 
which  are  neither  sources  of  energy  nor  possessed  of  repara- 
tive power  for  the  continual  body  waste.  They  are  eaten  on 
account  of  the  agreeable  influence  which  they  exert  on  the 
nerves  of  taste  or  smell  or  on  other  parts  of  the  nervous 
system  ; we  call  these  substances  condiments  and  stimulants. 
They  are  as  necessary  to  us  as  food  itself  is. 

It  is  a very  noticeable  fact  that  our  'most  important 
articles  of  organic  food  are  absolutely  without  taste  or  odour. 
We  can  only  smell  volatile  matter,  or  taste  such  substances 
as  are  soluble  in  water.  Our  organic  food-stuffs  have  neither 
of  these  properties.  They  are  not  in  the  least  volatile,  and 
are  almost  all  insoluble  in  water.  Fats,  as  we  well  know, 
are  not  miscible  with  water,  and  proteids  only  swell  without 
actually  dissolving  in  it.  Of  the  carbohydrates,  the  sugars 
alone  are  soluble,  and  they  taste  sweet.  In  the  case,  then, 
in  which  food  is  possessed  of  any  taste  at  all,  it  is  agreeable. 
Since  the  hulk  of  our  food  can  produce  no  effect  on  our  organs 
of  sense,  we  find  our  organs  of  taste  and  smell  so  adapted 
that  the  volatile  and  soluble  matters,  which  are  constantly 
associated  with  aliments  as  they  occur  in  nature,  produce 
agreeable  sensations  when  they  act  on  these  sense-organs. 
These  sensations  not  only  increase  our  desire  for  food ; they 
also  help  digestion.  It  is  a matter  of  common  experience, 
that  even  the  imagination  of  fragrant  and  savoury  food  may 
augment  the  secretion  of  saliva.  The  increased  secretion  of 
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gastric  juice  produced  by  the  same  cause  has  been  observed 
on  dogs  with  a gastric  fistula.  To  show  them  from  a long 
distance  a piece  of  meat,  is  sufficient  to  excite  the  secretion 
of  the  gastric  juice.  It  is,  hence,  probable  that  the  activity 
of  all  other  glands  associated  with  digestion  is  reflexly 
aroused  by  agreeable  tastes  and  smells,  and  that  all  processes 
and  movements  which  are  involved  in  digestion  and  absorp- 
tion are  hereby  assisted.  Pleasant  sensory  impressions 
produce  a cheerful  frame  of  mind,  and  thus  indirectly  tend 
to  act  favourably  on  all  the  processes  of  the  body.  On  the 
other  hand,  it  is  a familiar  fact  that  disagreeable  smells 
and  tastes  cause  a disturbance  of  digestion  which  may  even 
produce  vomiting.  The  necessity  of  these  subsidiaries  to  food 
is,  then,  beyond  doubt;  every  effort  to  consume  food  which 
had  neither  taste  nor  smell  would  soon  fail. 

Whilst  animals  merely  take  such  sapid  substances  as 
occur  naturally  mixed  with  the  food  they  eat,  man  goes  much 
farther  by  artificially  separating  the  subsidiary  from  the 
necessary  aliments.  He  takes  the  former  by  themselves,  or 
with  only  a small  proportion  of  the  latter.  Hence  arises  for 
man  the  danger  of  excess.  The  regulating  mechanism,  which 
in  animals  consists  of  the  feeling  of  satiety  which  sets  in 
as  soon  as  they  have  eaten  enough,  tends  to  be  disturbed. 
So  long  as  only  the  senses  of  taste  and  smell  are  concerned, 
there  is  but  little  danger  of  excess.  The  more  intense  the 
stimulation  of  the  organs  of  smell  and  taste,  the  more 
rapidly  is  the  sensibility  of  our  nerves  blunted ; we  get  tired 
of  the  impressions  made  upon  them. 

But  besides  those  substances  which  act  as  subsidiary  to 
food  by  their  action  on  our  senses,  man  has  learnt  to  isolate 
others  which  produce  pleasurable  sensations  by  their  action 
on  the  functions  of  the  brain ; these  we  term  narcotics.  He 
has  discovered  them  even  when  they  cannot  be  detected  by 
smell  or  taste,  and  when  they  occur  only  in  plants  which 
have  no  value  in  nutrition;  such  are  opium,  tea,  coffee, 
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hashish,  etc.  Others,  which  nature  does  not  produce,  he  has 
learnt  to  prepare  artificially  from  innocuous  substances,  as  for 
instance,  alcohol  from  sugar.  Conscious  volition  disturbs 
the  harmonious  action  of  the  unconscious  impulses,  and 
becomes  the  source  of  unlimited  misery. 

So  long  as  we  are  unacquainted  with  the  chemical  processes 
by  which  these  subsidiary  articles  of  diet  act  on  the  nervous 
system,  their  special  consideration  is  a subject  rather  for 
toxicology  and  the  physiology  of  the  nervous  system  than  for 
physiological  chemistry.  I shall,  therefore,  treat  of  only  a 
few  which  are  still  often  considered  to  be  true  aliments.  The 
most  important  of  these  are  alcoholic  drinks. 

We  know  that  alcohol  is  to  a very  great  extent  oxidized 
in  the  body.  Only  a small  part  is  excreted  unchanged  by 
the  kidneys  and  lungs.*  Alcohol  is,  therefore,  without  doubt 
a source  of  energy  when  absorbed  into  the  body.  But  it 
does  not  therefore  follow  that  it  is  a food.  To  establish  the 
latter  supposition,  it  must  be  shown  that  the  energy  liberated 
by  the  oxidation  of  alcohol  is  used  to  aid  the  performance  of 
a normal  function.  It  is  not  enough  that  chemical  potential 
energy  is  transformed  into  kinetic  energy ; the  transformation 
must  occur  at  the  right  time,  in  the  right  place,  and  in 
definite  parts  of  the  tissues.  The  tissues  are  not  so  con- 
stituted that  they  can  be  fed  with  any  and  every  combustible 
material ; we  do  not  know,  for  instance,  whether  alcohol  can 
serve  as  a source  of  the  energy  by  virtue  of  which  the  func- 
tions of  muscle  and  nerve  are  performed  (see  Lecture  XIX.). 

It  will  be  objected  that  the  heat  which  is  produced  by  the 
combustion  of  alcohol  must  in  any  case  be  useful  to  our 

* Viet.  Subbotin,'  Zeitschr.  f.  Biolog.,  rvol.  vii.  p.  361 : 1871 ; Dupre,  Proc. 
Roy.  Soc.,  vol.  xx.  p.  268:  1872;  and  The  Practitioner,  vol.  ix.  p.  2S  : 1S72 ; 
Anstie,  Practitioner,  vol.  xiii.  p.  15:  1874;  Aug.  Schmidt,  Centralb.  f.  d.  mod. 
Wissensch.,  No.  23, 1875;  H.  Heubach,  “Ueber  die  Ausscheidung  des  Weingeistes 
durch  den  Harn  Fiebernder,”  Dissert. : Bonn,  1875 ; C.  Binz,  Arch.f.  exper.  Path, 
u.  Pharm.,  vol.  vi. : 1877 ; H.  Heubach,  “ Quantitative  Bestimmung  des  Alkohols 
im  Harn,”  Arch.f.  exp.  Path.  u.  Pharm.,  vol.  viii.  p.  446  : 1878;  G.  Bodländer, 
Plliiger’s  Arch.,  vol.  xxxii.  p.  398:  1883. 
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economy.  Even  if  it  does  not  directly  subserve  any  definite 
function  of  a particular  organ,  the  combustion  of  the  alcohol 
must  save  the  using  up  of  other  food-stuffs. 

But  even  this  cannot  be  admitted.  Eor  whilst  on  the  one 
hand  the  alcohol  increases  the  production,  on  the  other  it 
increases  the  loss,  of  heat.  Owing  to  the  paralyzing  action 
which  it  exerts  on  the  vasomotor  system,  a dilatation  of  the 
vessels,  and  especially  of  the  cutaneous  vessels,  occurs,  and 
consequently  there  is  an  increased  loss  of  heat.  The  total 
result  is  a diminution  of  the  temperature  of  the  body,  which 
has  been  actually  proved  to  take  place. 

Alcohol  has  invariably  a paralyzing  influence.  All  the 
results  which,  on  superficial  observation,  appear  to  show 
that  alcohol  possesses  stimulant  properties,  can  be  explained 
on  the  ground  that  they  are  due  to  paralysis.* 

It  is  a common  idea  that  alcohol  produces  a warming 
effect  in  cold  weather.  This  feeling  of  warmth  depends,  in 
the  first  place,  on  the  fact  already  noticed— that  the  paralysis 
of  the  central  nervous  system  causes  an  increased  blood- 
supply  to  the  surface  of  the  body ; and  secondly,  in  all  proba- 
bility, on  the  blunting  of  the  sensibility  of  the  central  organs 
which  are  concerned  in  the  sensation  of  cold. 

The  stimulating  action  which  alcohol  appears  to  exert  on 
the  psychical  functions  is  also  only  a paralytic  action.  The 
cerebral  functions  which  are  first  interfered  with  are  the 
power  of  clear  judgment  and  reason.  As  a consequence, 
emotional  life  comes  into  free  play  unhampered  by  the 
guiding-strings  of  reason.  The  individual  becomes  confiding 

* With  regard  to  this  matter,  we  recommend  the  perusal  of  the  short  and 
lucid  description  in  Schmiedeberg’s  “Grundriss  der  Arzneimittellehre,”  2nd  edit, 
pp.  25,  27  : Leipzig,  Vogel,  1883;  C.  Binz  (“  Der  Weingeist  als  Heilmittel,”  Son- 
derabdruck aus  den  Verhandlungen  dee  VII.  Congresses  f.  innere  Medicin  zu 
Wiesbaden,  1888  : Wiesbaden,  Verlag  von  J.  F.  Borgmann,  1888)  has  recently 
been  upholding  the  older  view,  according  to  which  alcohol  has  a stimulating 
action  when  taken  in  small  doses.  Binz,  however,  takes  no  notice  of  the  works 
of  Scbmiedeberg  and  of  his  pupils,  Zimmerberg  (Dissert. : Dorpat,  1869)  and 
Maki  (Dissert : Strassburg,  1881). 
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and  communicative;  lie  forgets  his  cares  and  becomes  gay; 
in  fact,  he  no  longer  clearly  sees  the  dangers  and  difficulties 
of  life.  But  the  most  pronounced  paralyzing  action  of 
alcohol  is  seen  in  the  way  it  allays  all  sorts  of  discomfort 
and  pain,  and,  above  all,  the  worst  sort  of  pain — mental 
suffering,  anxiety,  and  trouble.  Hence  the  light-heartedness 
which  prevails  at  a carouse.  It  is  a prejudice  which  depends 
upon  self-deception,  to  believe  that  a man  ever  becomes 
witty  by  aid  of  spirituous  drinks.  This  error  is  simply  one 
of  the  results  of  the  paralytic  influence  mentioned  above  ; 
as  the  power  of  criticizing  one’s  self  diminishes,  self-com- 
placency increases.  The  lively  gesticulations  and  useless 
exertions  of  intoxicated  people  are  due  to  paralysis,  the  in- 
hibitory influence,  which  prevents  a sober  man  from  use- 
lessly expending  his  strength,  being  removed.  Associated 
with  this  is  the  increased  frequency  of  pulse,  which  is  com- 
monly cited  as  an  instance  of  the  stimulating  power  of 
alcohol ; it  has  nothing  to  do  with  the  action  of  alcohol, 
but  is  caused  by  the  surroundings  among  which  the  alco- 
holic drinks  are  generally  taken.  It  is  a consequence  of 
the  excited  condition,  and,  according  to  the  experiments 
hitherto  made,  does  not  occur  when  the  body  remains 
quiet.* 

A paralytic  symptom,  which  is  erroneously  regarded  as 
one  of  stimulation,  is  also  found  in  the  deadening  of  the  sense 
of  fatigue.  There  is  a strong  belief  that  alcohol  gives  new 
strength  and  energy  after  fatigue  has  set  in.  The  sensation 
of  fatigue  is  one  of  the  safety-valves  of  our  machine.  To 
stifle  the  feeling  of  fatigue  in  order  to  be  able  to  work  on,  is 
like  forcibly  closing  the  safety-valve  so  that  the  boiler  may 
be  over-heated. 

The  belief  that  alcohol  gives  strength  to  the  weary  is 
particularly  dangerous  for  the  class  of  people  which  contains 

* Schmiedeberg,  loo.  oit.,  p.  26 ; Zimmerberg,  “ Unt.  üb.  deu  Einfluss  des 
Alkohols  auf  die  Thätigkoit  des  Herzens,”  Dissert. : Dorpet,  1869. 
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the  most  numerous  members.  The  poor  people,  whose  income 
is  already  insufficient  to  procure  a suitable  subsistence,  are 
misled  by  this  prejudice  into  spending  a very  considerable 
part  of  their  earnings  on  alcoholic  drinks,  instead  of  purchas- 
ing good  and  palatable  food,  which  alone  can  give  them 
strength  for  their  hard  work. 

This  prejudice  of  the  “ strengthening  ” power  of  alcohol 
maintains  so  deep  a hold  owing  to  the  results  which  are  seen 
and  felt  in  the  case  of  the  habitual  drinker.  Any  one  who  is 
in  the  regular  habit  of  taking  a considerable  quantity  of 
alcohol  is  better  able  to  do  his  work  while  he  continues  it 
than  if  he  were  suddenly  to  leave  it  off.  We  cannot  at 
present  explain  this  result,  although  it  is  quite  analogous 
to  the  effect  of  other  narcotics  on  persons  who  have  been 
accustomed  to  their  use.  The  opium-eater  can  neither  work, 
nor  eat,  nor  sleep,  if  his  opium  be  denied  him ; he  is 
“strengthened”  by  the  opium.  But  a man  who  is  not 
accustomed  to  a narcotic  is  most  certainly  not  rendered  more 
fit  for  work  by  taking  it. 

The  uselessness,  if  not  harmfulness,  of  even  moderate 
doses  of  alcohol  rests  on  better  evidence  than  scientific  deduc- 
tions and  experiments.  In  connection  with  the  sanitation  of 
armies,  thousands  of  experiments  upon  large  bodies  of  men 
have  been  made,  and  have  led  to  the  result  that,  in  peace  and 
war,  in  every  climate,  in  heat,  cold,  and  rain,  soldiers  are 
better  able  to  endure  the  fatigues  of  the  most  exhausting 
marches  when  they  are  not  allowed  any  alcohol  at  all.*  A 
similar  result  is  observed  in  the  case  of  the  navies,  and  on 
thousands  of  commercial  vessels  belonging  to  England  and 
America,  which  put  to  sea  without  a drop  of  alcohol.  Most 
whalers  are  manned  by  total  abstainers. 

That  mental  exertions  of  all  kinds  are  better  undergone 
without  alcohol  is  generally  admitted  by  most  people  who 

* See  A.  Baer,  “ Der  Alkoholismus,”  pp.  103-108  : Berlin,  1878.  Refcronoos 
to  the  original  works  arc  given  here. 
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have  made  the  trial.  Alcohol,  then,  makes  no  one  stronger ; 
it  only  deadens  the  feeling  of  fatigue. 

One  of  the  disagreeable  sensations  which  alcohol  dimin- 
ishes is  that  of  tedium.  This  feeling  is,  however,  like  the 
sensation  of  fatigue,  one  of  the  arrangements  for  self-re- 
gulation which  the  organism  possesses.  Just  as  the  feeling 
of  fatigue  makes  us  rest,  so  the  feeling  of  tedium  encourages 
us  to  exertion,  without  which  nerve  and  muscle  atrophy. 
It  is  interesting  to  observe  what  curious  means  a lazy  and 
empty-headed  man  adopts  in  order  to  be  free  from  the  demon 
of  tedium  without  making  personal  exertion.  It  drives  him 
without  rest  from  place  to  place,  to  this  company  and  that, 
from  one  distraction  to  another.  But  all  these  attempts  to 
escape  from  himself  would  he  in  vain,  and  the  bulk  of  man- 
kind would  be  driven  to  exercise  their  brain  and  muscles  in 
some  way  or  another,  in  order  to  obtain  the  feeling  of  rest 
and  satisfaction  and  to  lose  their  sense  of  tedium,  were 
it  not  for  alcohol.  Alcohol  frees  them  easily  and  agreeably 
from  this  demon.  A drinker  is  never  conscious  of  his  own 
emptiness.  He  wants  no  interests  and  ideas ; he  has  the 
comfort  and  satisfaction  of  narcosis.  There  is  nothing  so 
dangerous  to  the  development  of  a man,  nothing  which  so 
undermines  his  character,  nothing  which  so  surely  destroys 
the  remaining  energy  he  is  capable  of,  as  the  continual 
deadening  of  the  sense  of  tedium  by  means  of  alcohol. 

Another  point  which  is  adduced  in  favour  of  alcoholic 
drinks  is,  that  they  diminish  the  waste  of  the  body.  It  is 
true  that  a slight  diminution  in  the  excretion  of  nitrogen, 
and  consequently  of  proteid  decomposition,  is  observed  after 
moderate  doses  of  alcohol.*  But  it  is  difficult  to  understand 

* A.  P.  Fokker,  “ Nederlandsch  Tijdsclirit't  voor  Geneeskunde,  p.  125: 
1871;  Imm.  Munk,  Verli.  der  Physiol.  Ges.  zu  Berlin:  Jan.  3,  1879;  L.  Riess, 
Zeitschr.  f.  Min.  Med.,  vol.  ii.  p.  1 : 1880.  Other  authors,  among  whom  Parkes 
( Proc . Boy.  Soc.,  vol.  xx.,  p.  402 : 1872)  is  to  be  noted  for  his  exact  and  reliable 
experiments,  have  found  that  alcohol  exercises  no  influence  on  the  excretion  of 
nitrogen.  H.  Keller  has  recently  carried  out  a careful  experiment  on  human 
metabolism  {Zeitschr.  f.  physiol.  Chem.,  vol.  xiii.  p.  128  : 1888). 
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why  this  should  be  made  a reason  for  recommending  alcoholic 
drinks.  Why  should  we  wish  to  diminish  the  metabolism  of 
the  body  ? Is  not  metabolism,  or  the  breaking  down  of  the 
tissues,  the  source  of  all  our  energy  ? The  intensity  of  this 
disintegrating  process,  this  conversion  of  potential  into  kinetic 
energy,  is  constantly  regulated  by  a complicated  nervous 
mechanism,  which  now  acts  in  an  inhibitory,  now  in  an 
accelerating  direction,  according  to  the  requirements  of  the 
various  organs.  To  interfere  with  this  self-controlling  me- 
chanism by  the  action  of  poisonous  substances  can  hardly  be 
wise,  since  we  are  almost  entirely  in  ignorance  concerning  its 
intimate  character.  What  means  have  we  of  judging  whether 
the  metabolism  is  too  quick  or  too  slow  ? 

In  large  doses,  alcohol  increases  instead  of  diminishing 
the  excretion  of  nitrogen.*  In  this  respect  it  resembles 
certain  powerful  poisons,  especially  phosphorus  and  arsenic, 
which  cause  increase  in  the  excretion  of  nitrogen,  but  at  the 
same  time  diminish  the  amount  of  oxygen  taken  up  and 
carbonic  acid  excreted,  and  consequently  produce  fatty  degene- 
ration of  various  organs.  It  appears  that  these  poisons  give 
rise  to  the  production  of  fat  from  proteid ; the  nitrogen,  with 
a small  quantity  of  the  carbon,  is  separated  from  the  proteid 
molecule,  and  the  residue,  free  from  nitrogen,  is  stored  up  in 
the  tissues  as  fat.  We  shall  have  to  consider  this  process 
in  greater  detail  in  a later  section  (Lecture  XX.).  Possibly 
the  fatty  degeneration  of  the  organs  sometimes  observed  in 
drunkards  is  to  be  referred  to  a similar  action.  Put,  un- 
fortunately, the  experiments  hitherto  made  have  not  decided 
with  certainty  whether  the  absorption  of  alcohol  has  any 
influence  on  the  elimination  of  carbonic  acid.f 

* Imm.  Munk,  loc.  cit. 

t The  oft-quotod  experiments  of  Boeck  and  Bauer  allow  of  no  definite  con- 
elusion,  as  the  duration  of  the  experiments  was  too  short  (Zeit sehr.  f.  Biolog 
vol.  x. : 1874).  The  same  is  still  more  applicable  to  the  experiments  of  Wolfers 
(Arch.  f.  d.  gcitam.  Fhijsiol.,  vol.  xxxii.  p.  222 : 1883).  N.  Simanowski  and  C. 
Schoumoff  have  shown  that  absorption  of  aloohol  diminishes  the  oxidation  of 
benzol  into  phenol  (_Pfiiiger,  vol.  xxxiii.  p.  251  : 1884). 
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It  is  commonly  thought  that  alcoholic  drinks  act  as  aids 
to  digestion.  In  reality  it  would  appear  that  the  contrary  is 
the  case.  Any  one  may  make  the  observation  on  himself,  that 
a meal  without  alcohol  is  more  quickly  followed  by  hunger 
than  when  alcohol  is  taken.  The  inhibitory  influence  of 
alcohol  on  digestion  has  been  observed  on  a patient  with 
a gastric  fistula,*  on  several  other  persons  by  the  aid 
of  the  stomach-pump, f and  by  means  of  numerous  other 
experiments.! 

Up  to  this  point  I have  chiefly  considered  the  action  of 
alcohol  on  persons  who  are  usually  called  moderate  drinkers. 
To  describe  the  ultimate  consequences  of  excessive  drinking 
can  hardly  come  within  the  scope  of  these  lectures.  It  may 
be  mentioned,  however,  that  the  misuse  of  alcoholic  drinks 
causes  a whole  host  of  diseases ; that  no  organ  of  our  body 
remains  free  from  its  injurious  action.  It  is  also  apparently 
certain  that  from  70  to  80  per  cent,  of  crime,  from  80  to  90 
per  cent,  of  all  poverty,  and  from  10  to  40  per  cent,  of  the 
suicides  in  most  civilized  countries,  are  to  be  ascribed  to 
alcohol. 

We  must,  however,  strictly  discriminate  between  the  use 
of  alcohol  as  a luxury  and  an  article  of  diet,  and  its  use  as  a 
medicine.  In  the  opinion  of  many  practitioners,  it  is  indis- 
pensable as  a medicine.  It  is  precisely  its  paralyzing  pro- 
perties which  render  it  valuable  in  this  case.  It  is  a mild 
anaesthetic,  and  acts  as  a sedative  by  diminishing  abnormally 
increased  reflex  irritability.  Alcohol  is  further  used  as  an 
anti-pyretic ; but  proof  of  its  value  in  this  capacity  is  still 
lacking. 

Tea  and  coffee  are  much  less  likely  to  cause  ill  effects 
than  alcoholic  liquors.  They  exert  no  paralytic  influence ; on 

* F.  Kretschy,  Deutsch.  Arch.  f.  hlin.  Med.,  vol.  xviii.  p.  527 : 1S76. 

+ W.  Buchner,  ibid.,  vol.  xxix.  p.  537 : 18S1. 

J Emil  Schütz,  Prager  med.  Wochenschr.,  No.  20:  1885;  Bikfalvi,  Maly’s 
Jahrenher.  f.  TMercliem.,  p.  273:  1885;  Massanori  Ogata,  Arch.  f.  Hygiene , 
vol.  iii.  p.  204:  18S5;  Klikowicz,  Virchow’s  Arch.,  vol.  cii.  p.  360:  1885. 
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the  contrary,  they  are  helpful  in  both  mental  and  physical 
exertions.  In  their  use  there  is  but  little  danger  of  excess. 
It  is  true  that  they  occasionally  disagree  with  certain  people, 
especially  if  taken  in  too  large  quantities ; and  their  long- 
continued  misuse  may  cause  illness.  But  in  these  cases 
there  is  but  little  difficulty  in  inducing  the  people  so  affected 
to  abstain.  A patient  who  is  recommended  seriously  to 
abstain  from  taking  too  much  tea  generally  does  so ; a 
patient  who  takes  too  much  alcohol  does  not  easily  give  it 
up.  A man  rarely  becomes  the  slave  of  coffee  or  tea,  and 
excessive  drinking  of  tea  and  coffee  never  produces  a state 
of  moral  irresponsibility,  nor  leads  to  the  commission  of 
crime. 

Tea  and  coffee  contain,  as  is  well  known,  an  active 
principle  common  to  both,  caffeine  or  theine,  which  is  closely 
related  to  xanthine,  a crystalline  substance  rich  in  nitrogen, 
which  enters  in  small  quantity  into  all  our  tissues.  We 
shall  study  xanthine  in  connection  with  the  chemistry  of  the 
urine  (Lecture  XVI.) . Caffeine  is  xanthine  with  three  methyl 
groups  introduced  into  its  molecule,  and  it  can  be  artificially 
prepared  from  these  constituents.* 

It  is  a very  remarkable  and  surprising  fact  that  people 
of  the  most  different  races,  in  all  parts  of  the  world,  have 
succeeded  in  discovering  caffeine  in  the  most  varied  plants. 
The  Arabs  found  it  in  the  coffee  bean;  the  Chinese  in  tea; 
the  natives  of  Central  xAfrica  in  the  cola  nut  ( Cola  acuminata ) ; 
those  of  South  Africa  in  bush  tea,  the  leaves  of  a variety  of 
Cyclopia ; the  natives  of  South  America  in  Paraguay  tea  (Ilex 
Paraguay ensis),  and  in  the  seeds  of  Paulinia  sorbilis,  a 
Brazilian  creeper.  This  fact  is  the  more  remarkable  as 
caffeine  can  be  detected  neither  by  its  taste  nor  smell.  Also 
interesting  is  the  close  relation  of  this  universally  prized 
luxury  to  one  of  the  constituents  of  our  tissues.  It  is  possible 
that  the  caffeine  molecule,  in  consequence  of  its  similar  con- 
* Emil  Fischer,  Liebig’s  Annal.,  vol.  coxy.  p.  253  : 1882. 
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stitution,  lias  an  affinity  for  the  same  tissue  elements  in 
which  xanthine  is  found,  and  that  it  plays  an  analogous 
though,  in  consequence  of  its  more  complex  constitution,  a 
modified  part.  This  may  explain  the  stimulating  action 
which  it  possesses. 

Caffeine  is  mostly  destroyed  in  the  tissues  of  our  body. 
Experiments*  conducted  in  Dragendorff’s  laboratory  in  Dorpat 
have  shown  that  of  the  amount  of  caffeine  which  is  absorbed 
as  the  result  of  ordinary  tea  and  coffee  drinking — a cup  of 
coffee  contains  about  O’l  grm.  caffeine,  and  the  same  is  con- 
tained in  from  2 to  10  grms.  dry  tea-leaves — none  passes  into 
the  urine.  Caffeine  can  he  detected  in  the  urine  when  0'5  grm. 
caffeine  has  been  taken.  Caffeine  has  no  influence  on  the 
proteid  composition  of  the  organism.  Voitt  has  shown  by 
careful  observation  that  the  amount  of  nitrogen  excreted  is 
neither  increased  nor  diminished  by  the  use  of  caffeine. 

This  is  not  the  place  to  give  a detailed  account  of  the 
various  modes  of  action  of  caffeine ; I must  refer  you  to  works 
on  pharmacology.  In  addition  to  this  common  constituent, 
tea  contains  ethereal  oils,  and  in  coffee  certain  aromatic 
substances  are  formed  as  the  result  of  roasting ; hence  the 
difference  of  taste  and  action  of  these  substances. 

A substance  chemically  closely  allied  and  of  similar 
action  to  caffeine  is  found  in  the  cocoa  bean.  This  is 

theobromine,  a xanthine  with  two  methyl  groups.  In  the 
seeds  of  Paulinia  sorbilis,  from  which  guarana  paste,  much 
liked  in  South  America,  is  prepared,  both  these  substances 


* Rich.  Schneider,  “ Ueber  das  Schicksal  des  Caffe'ins  und  Theobromins  im 
Thierkörper,  nebst  Untersuchungen  über  den  Nachweis  des  Morphins  im  Harn,’’ 
Dissert.  : Dorpat,  1884-,  Schutzkwer  (“  Das  Caffein  u.  sein  Verhalten  im  Thier- 
körper,” Dissert.  : Köuigsborg,  1883)  found  that,  of  0-2  grm.  of 'caffeine  sub- 
cutaneously injected  into  a dog,  only  0'012  reappeared  in  the  urine.  Maly  and 
Andreasch  (“Studien  über  Caffein  und  Theobromin,”  Monatshefte  der  Chem., 
May  : 1883)  found  that,  of  0T  grm.  administered  internally  to  a small  dog, 
0 066  reappeared  in  the  urine. 

f C.  Voit,  “ Unt.  üb.  d.  Einfi.  des  Kochsalzes,  des  Kaffees  und  der  Muskel- 
bewegungen auf  den  Stoffwechsel,”  p.  67-147  : München,  1860. 
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aro  united.  Filehne  * has  recently  studied  the  action  of 
theobromine  on  muscle  and  on  the  central  nervous  system. 
He  has  arrived  at  the  interesting  result  that  the  chemical 
series,  caffeine  (trimethyl-xanthine),  theobromine  (dimethyl- 
xanthine),  and  xanthine  present  a corresponding  series  in 
their  pharmacological  action.  A monomethyl-xanthine  is 
at  present  unknown.  The  cocoa  bean  is  not  only  a luxury, 
but  also  very  valuable  as  nutriment ; it  contains  half  its 
weight  of  fat,  and  in  addition  about  12  per  cent,  of  albumen. 
Chocolate  might  be  very  serviceable  for  military  purposes. 
It  is  hardly  possible  to  carry  food  in  a more  concentrated 
form  than  in  chocolate. 

Bouillon  and  extract  of  meat,  which  is  bouillon  evapo- 
rated to  a semi-solid  consistence,  afford  the  most  harmless 
subsidiary  aliments.  The  extractives  of  meat  do  not,  so  far 
as  is  known,  exert  the  slightest  narcotic  influence.  They 
act  entirely  on  taste  and  smell.  This  agreeable  effect  can 
hardly  be  overestimated,  but  we  must  guard  against  sup- 
posing that  meat  bouillon  possesses  a strengthening  and 
nourishing  influence.  In  regard  to  this,  the  most  delusive 
notions  are  entertained,  not  only  by  the  general  public,  but 
also  by  medical  men. 

Until  quite  recently,  the  opinion  was  held  that  bouillon 
contained  the  most  nutritive  part  of  meat.  There  was  a 
confused  idea  that  a minute  quantity  of  material — a plateful 
of  bouillon  can  be  made  from  a teaspoonful  of  meat-extract — 
could  yield  an  effectual  source  of  nourishment,  that  the 
extractives  of  meat  were  synonymous  with  concentrated 
food. 

Let  us  inquire  what  substances  could  render  bouillon 
nutritious.  The  only  article  of  food  which  meat  yields  to 
boiling  water  is  gelatin.  It  is  well  known  that  albumen  is 
coagulated  on  boiling,  the  glycogen  of  meat  is  rapidly 

* Wilhelm  Filehne,  Du  Bois’  Arch.,  p.  72  : 188G;  also  Robert,  Arch.  f.  exper, 
Patluu.  Pharm.,  vol.  xv.  p.  22:  1882. 
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converted  into  sugar,  and  this  again  into  lactic  acid.  The 
quantity  of  gelatin  is,  moreover,  very  small ; for  a watery 
solution  which  contains  only  1 per  cent,  of  gelatin,  coagulates 
on  cooling.  Such  coagulation  may  occur  in  very  strong 
soups  and  gravies,  but  never  in  bouillon.  Bouillon,  therefore, 
contains  much  less  than  1 per  cent,  of  gelatin.  In  preparing 
extract  of  meat,  the  quantity  of  gelatin  is  reduced  as  much 
as  possible,  because  it  is  in  a high  degree  liable  to  putrefactive 
changes,  and  therefore  likely  to  interfere  with  the  preservation 
of  the  preparation.  The  other  constituents  of  bouillon  are 
decomposition  products  of  food-stuffs — products  of  the  oxida- 
tions and  decompositions  which  take  place  in  the  animal 
organism.  They  cannot  be  regarded  as  nutritious,  because 
they  are  no  longer  capable  of  yielding  any  kinetic  energy, 
or  at  most  such  a small  amount  that  it  is  of  no  importance 
whatever. 

Nevertheless,  until  the  most  recent  times,  creatin  and 
creatinin,*  which  are  among  the  chief  constituents  of  meat- 
extract,  were  regarded  as  the  source  of  energy  in  muscle. 
This  assertion  was  shown  to  be  untrue  by  the  researches  of 
Meissner  f and  of  Voit,+  who  proved  conclusively  that  creatin 
and  creatinin  are  excreted  in  the  urine  twenty-four  hours  after 
their  absorption  without  loss.  A material  which  is  neither 
oxidized  nor  decomposed  cannot  form  a source  of  energy, 
apart  from  the  fact  that  the  quantity  of  creatin  and  creatinin 
which  is  absorbed  in  bouillon,  is  so  small  that  it  could  not 
possibly  be  seriously  regarded  as  the  source  of  muscular 
energy. 

It  has  further  been  asserted  that  the  addition  of  extract 
of  meat  increases  the  nutritive  value  of  vegetable  food,  and 
gives  the  latter  the  same  value  as  fresh  meat.  This  assertion 

* For  tlie  chemical  constitution  and  the  physiological  significance  of  these 
compounds,  see  Lecture  XVI. 

t G.  Meissner,  Zeitschr.  f.  rat.  Med.,  vol.  xxiv.  p.  97  : 1865 ; vol.  xxvi.  p. 
225  : I860;  and  vol.  xxxi.  p.  283:  1868. 

t C.  Voit,  Zeitschr.  f.  Biolog.,  vol.  iv.  p.  Ill : 1868. 
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lias  also  been  refuted  by  Yoit  and  his  pupils,'*  who  have  shown, 
by  experiments  made  on  man  and  on  animals,  that  the  un- 
favourable conditions  of  assimilation  which  characterize 
vegetable  food  are  not  improved  by  the  addition  of  extract 
of  meat. 

Finally,  the  attempt  has  been  made  to  attach  a value  as 
a food  to  extract  of  meat,  in  consequence  of  the  considerable 
quantity  of  salts,  “ nutritive  salts,”  which  it  contains.  But, 
as  I have  already  explained  (p.  Ill),  there  is  no  lack  of  salts 
in  our  [food,  but  always  an  excess.  Even  for  the  growing 
organism  there  is  only  one  inorganic  constituent  which  could 
be  deficient,  i.e.  carbonate  of  lime.  But  there  is  very  little 
lime  in  meat-extract ; the  ash  contains  only  O’ 23  per  cent. 
CaO.f  No  one  would  be  likely  to  eat  more  than  30  grms.  of 
meat-extract,  which  represents  the  amount  obtained  from  1 
kgrm.  of  meat,  and  contains  only  0’015  grm.  of  lime — that 
is,  the  same  quantity  as  is  contained  in  10  c.cms.  of  cow’s 
milk. 

We  must,  therefore,  conclude  that  meat-extract  is  only  a 
subsidiary  aliment.  It  is  asserted  even  at  the  present  time 
that  extract  of  meat  acts  in  the  same  stimulating  and 
refreshing  manner  as  tea  and  coffee  undoubtedly  do ; but 
up  to  this  date  no  direct  action  of  extract  of  meat  on 
muscles  or  nerves  has  been  proved.  The  only  investigation 
in  this  direction  is  due  to  Kemmerich, J who  lays  stress  on  the 
large  amount  of  potassium  salts  contained  in  extract  of  meat, 
and  asserts,  as  the  result  of  his  experiments,  that  they  exert, 
in  small  doses  a stimulating,  in  large  doses  a depressing, 
effect  on  the  function  of  the  heart.  He  therefore  warns 
against  immoderate  use  of  the  extract  of  meat. 

So  far  as  the  potassium  salts  are  concerned,  the  following 

* Ernst  Bischoff,  Zcitachr.  f.  Biolog.,  vol.  v.  p.  451:  18G9  ; and  C.  Voit 
Zeitschr.  f.  Biolog.,  vol.  iv.  pp.  359,  360  : 1870. 

t G.  Bunge,  Pfliiger’s  Arch.,  vol.  iv.  p.  238:  1871. 
t Kemmerich,  Pfliiger’s  Arch.,  vol.  ii.  p.  49:  1869. 
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is  really  the  case.*  The  stimulating  action  on  the  heart 
which  Kemmerich  observed  was  in  no  way  due  to  the  potas- 
sium salts,  hut  simply  to  the  fact  that  he  used  rabbits  for  his 
experiments.  Being  very  timid  animals,  the  injection  of 
almost  any  indifferent  substance,  such  as  a solution  of  sugar, 
or  of  common  salt,  may  easily  produce  a decided  increase  in 
the  rate  of  the  pulse.  The  mere  passage  of  the  stomach 
sound  is  sufficient  to  produce  this  effect.  By  large  numbers 
of  experiments  both  on  dogs  and  on  the  human  subject,  I 
have  convinced  myself  that  the  introduction  of  potassium 
salts  into  the  stomach  is  never  followed  by  the  slightest 
increase  in  the  rapidity  of  the  pulse. 

The  paralyzing  influence  on  the  heart,  observed  by 
Kemmerich,  is  due  to  his  having  used  an  amount  of  potash 
salt  quite  out  of  proportion  to  the  weight  of  the  rabbit.  To 
give  a rabbit  of  1000  grms.  body  weight,  5 grms.  of  potash 
salts,  is  the  same  as  giving  a man  300  grms.  An  additional 
factor  in  the  case  of  a rabbit  is  that  it  is  unable  to  vomit. 
It  is  impossible  to  produce  any  influence  on  the  heart  of  the. 
dog,  since  an  excessive  dose  of  potassium  salts  is  promptly 
followed  by  vomiting.  I have  found  by  numerous  experi- 
ments that  the  maximum  dose  (about  12  grms.),  which  can 
be  taken  without  causing  vomiting,  is  quite  without  influence 
on  the  action  of  the  heart.  In  cases  where  poisoning  has 
actually  ensued  as  the  result  of  overdoses  of  potassium  salts, 
death  has  been  due  to  a gastro-enteritis,  and  not  to  any  effect 
upon  the  heart.  Potash  salts  have  a local  cauterizing  effect. 
The  gastric  mucous  membrane  of  animals  into  whom  salts 
of  potassium  have  been  injected,  is  always  hyperahnic,  and 
sometimes  marked  with  ecchymoses.  If  the  potassium  salts 
are  given  in  a very  concentrated  form,  especially  in  powder, 
gastritis,  with  a fatal  result,  may  be  produced. 

* G.  Bunge,  ibid.,  vol.  iv.  p.  235 : 1871 ; and  Zeitschr.  f.  Biolog.,  vol.  is.  p.  130  : 
1873.  Leb  maun  has  recently  continued  my  results  (see  Arch.f.  Hygiene,  vol.  iii. 
p.  219:  1885). 
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Paralysis  of  the  heart,  caused  by  potassium  salts,  follows 
rapidly  if  the  solution  be  injected  directly  into  the  blood.  As 
the  result  of  my  own  experience,  I have  convinced  myself  that 
when  0'1  grm.  KC1  is  injected  into  a medium-sized  dog,  an 
almost  immediate  arrest  of  the  heart  follows.  Subcutaneous 
injection  of  potassium  salts  also  causes  cessation  of  the 
cardiac  beat.  But  paralysis  of  the  heart  is  never  preceded 
by  acceleration,  but  always  by  a slowing  of  the  pulse. 

It  is  hardly  necessary  to  recur  to  experiment  in  order  to 
show  how  entirely  innocuous  salts  of  potassium  are  when 
taken  by  the  mouth ; it  has  only  to  be  borne  in  mind  how 
large  a quantity  is  constantly  consumed  with  vegetable  food. 
I have  already  noticed  the  fact  that  a man  who  lives  chiefly 
on  potatoes  absorbs  over  40  grms.  of  potash  salts  in  the 
course  of  a day  (p.  121). 

The  potash  salts,  therefore,  which  occur  in  bouillon  cannot 
produce  any  effect  on  the  heart,  neither  small  doses  stimu- 
lating it,  nor  large  ones  paralyzing  it.  But  even  if  we 
could  admit  the  exciting  action  of  potassium  salts,  it  would 
be  difficult  to  see  why  we  should  take  bouillon  on  account  of 
the  potash  it  contains,  since  we  could  get  much  more  with 
almost  any  other  form  of  food.  Five  grammes  of  extract  of 
meat  will  make  a plateful  of  bouillon,  and  they  only  contain 
0-5  grm.  potassium,  the  same  quantity  as  in  a small  potato. 

We  see,  then,  that  the  only  experiment  which  has  been 
hitherto  attempted  to  demonstrate  the  stimulating  influence 
of  extract  of  meat  has  not  been  successful. 

It  has  frequently  been  asserted  that  the  organic  con- 
stituents of  meat-extract  exert  an  influence  on  the  muscular 
nervous  system,  but  never  on  sufficient  ground.  As  regards 
creatin  and  creatinin,  in  particular,  Yoit  * has  given  details  ; 
he  found  that  6’3  grms.  creatin  and  8' 6 grms.  creatinin 
given  to  a dog  produced  no  symptoms  whatever.  More 

* C.  Voit,  “ XJeber  die  Entwicklung  dor  Lehre  von  der  Quelle  der  Muskel- 
kraft,” p.  39 : 1870 ; or  Zeitschr.  /.  Biolog.,  vol.  vi.  p.  3-13 : 1870. 
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recently  Robert  * has  endeavoured  to  demonstrate  an  action 
of  creatin  on  muscle.  The  experiments  were  conducted  on 
frogs,  and  excessive  doses  of  creatin  used  ; but  the  result  was 
ambiguous.  Human  muscle  could  hardly  be  influenced  by 
the  minute  quantity  (about  0‘2  grm.)  of  creatin  contained  in 
an  ordinary  plateful  of  soup.  This  can  be  deduced  a priori, 
quite  apart  from  the  observations  of  Yoit.  Our  muscles 
contain  about  3 per  1000  creatin. f The  whole  muscular 
system  of  an  adult  man,  which  amounts  to  about  30  kgrms., 
contains  consequently  about  90  grrns.  It  is  also  found  in 
the  nervous  system  and  in  the  blood.  With  regard  to  the 
small  quantity  of  creatin  which  is  taken  in  bouillon,  absorbed, 
and  at  the  same  time  rapidly  excreted  by  the  kidneys,  we 
are  uncertain  whether  it  ever  reaches  the  muscles  at  all. 
And  even  if  a small  quantity  should  do  so,  it  can  hardly  be  of 
any  importance,  when  we  know  that  the  muscles  already 
contain  90  grms.  of  creatin. 

That  some  other  organic  constituent  of  meat-extract  may 
produce  an  effect  on  the  muscular  or  nervous  system,  must 
be  admitted  to  be  remotely  possible ; at  present  it  is  in 
no  way  proved.  We  know,  with  regard  to  bouillon,  abso- 
lutely no  more  than  that  it  tastes  and  smells  agreeably. 
This  fact,  however,  suffices  to  explain  all  the  “enlivening” 
and  “strengthening”  virtues  which  common  experience 
attributes  to  extract  of  meat  and  bouillon,  and  to  recommend 
them  as  valuable  subsidiary  articles  of  diet. 

* Arcli.f.  experim.  Path.  u.  Pharm.,  vol.  xv.  p.  56:  1882. 

t Er.  Hofmann,  Zeitsclir.  f.  Biolog.,  vol.  iv.  p.  82:  1S68;  M.  Peris,  Deutsch. 
Arch.  f.  hlin.  Med.,  vol.  vi.  p.  243 : 1869. 
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LECTURE  IX. 

SALIVA  AND  GASTRIC  JUICE. 

We  have  in  previous  chapters  become  acquainted  with  the 
various  food-stuffs,  and  we  must  now  trace  their  course 
through  our  bodies,  and  the  continuous  changes  which  they 
undergo. 

The  first  fluid  with  which  the  food  comes  in  contact  on 
being  introduced  into  the  alimentary  canal,  is  the  saliva,* 
which  is  well  known  to  be  the  secretion  of  three  larger  pairs 
of  glands,  and  of  the  small  glands  in  the  mucous  membrane 
of  the  mouth.  The  amount  of  saliva  formed  in  the  course 
of  twenty-four  hours  is  very  considerable,  and,  according  to 
an  approximate  estimate  of  Bidder  and  Schmidt, f is  about 
1500  c.cms.  This  secretion  might,  therefore,  he  expected  to 
play  an  important  part  in  the  processes  of  digestion,  but 
it  has  not  yet  been  found  that  it  does  so.  The  saliva  has 
no  effect  on  most  articles  of  diet ; starch  alone  is  converted 
by  its  means  into  dextrine  and  sugar.  But  even  this  action 
is  very  inconsiderable;  it  is  nothing  compared  with  the  power- 
ful action  of  the  pancreatic  juice  in  breaking  up  starch.  The 
period  during  which  the  saliva  acts  is  of  very  short  duration. 

* The  processes  of  secretion  in  the  salivary  glands  have  been  more  closely 
investigated  by  Bernard,  Lndwig,  and  Heidenhain  than  those  in  any  other 
glands,  and  the  results  of  these  investigations  are  among  the  most  important 
achievements  of  modern  physiology.  But  these  works  have  thrown  no  light 
upon  the  chemical  processes  in  glandular  functions.  I therefore  think  it  better 
to  pass  them  over,  especially  as  they  are  adequately  described  in  all  text-books 
of  physiology. 

t Bidder  and  Schmidt,  “ Die  Verdauungss'afte  und  der  Stoffwechsel,”  p.  14 : 
Mitau  and  Leipzig,  1852. 
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The  salivary  ferment  can  only  operate  fully  on  starch  under 
the  faintly  alkaline  reaction  which  belongs  to  normal  saliva. 
This  action  is  immediately  enfeebled  or  entirely  neutralized 
by  the  acid  gastric  juice.*  Thus  only  a very  small  portion 
of  the  starch  consumed  is  split  up  by  the  salivary  ferment. 
But  the  saliva  of  some  mammals  has  not  even  this  slight 
action,  as  in  the  case  of  the  carnivora,  where,  for  teleological 
reasons,  it  might  be  expected  to  be  absent. 

As  saliva  is  very  abundantly  secreted  by  carnivora,  it  is 
apparent  that  the  decomposition  of  starch  is  not  its  main 
function. 

It  was  hoped  that  by  extirpating  the  salivary  glands  of 
dogs,f  and  then  observing  what  disturbances  took  place  in 
consequence,  a conclusion  might  be  arrived  at,  as  to  the 
importance  of  saliva.  No  prejudicial  effects  were  detected, 
although  it  was  remarked  that  the  dogs  drank  more  water 
than  usual  with  their  accustomed  and  carefully  regulated  diet. 

It  appears  that  the  saliva  is  chiefly  of  importance  from 
a mechanical  point  of  view.  It  moistens  the  food  in  the 
mouth  and  prepares  it  for  the  act  of  swallowing.  At  the 
same  time,  the  mouth  is  kept  clean  by  the  constant  secretion. 
If  particles  of  food  were  allowed  to  remain  in  the  mouth,  the 
acids  which  would  be  formed  as  the  result  of  their  decompo- 
sition, would  injure  the  teeth ; this  is  prevented  by  the  mouth 
being  continually  kept  moist  with  the  alkaline  saliva.  If 
this  view  of  the  use  of  saliva  is  correct,  we  should  expect  the 
salivary  glands  of  mammals  living  in  water  to  be  absent,  since 
the  food  they  take  is  always  sufficiently  moist,  and  the  cavity 
of  the  mouth  is  constantly  being  washed  out  by  water.  This 
is  in  fact  the  case.  The  Cetacea  lack  salivary  glands  entirely, 
and  in  the  Pinnipedia  they  are  only  rudimentary. 


* O.  Hammarsten,  Panum’s  Report  in  the  Jahresbericht  über  die  Leistungen 
derges.  Medioin.,  Jnhrg.  vi.  vol.  i. : 1871. 

t C.  Fehr,  “ Ueber  die  Exstirpation  sämmtlicher  Speicheldrüsen  beim  Hunde,” 
Dissert. : Giessen,  1862. 
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In  the  stomach  the  nutriment  meets  with  a second  secret 
tion,  the  gastric  juice,  distinguished  from  all  the  other  diges- 
tive fluids  by  its  acid  reaction.  This  acid  reaction  is  due 
to  the  free  hydrochloric  acid.  The  proof  of  this  was  furnished 
by  Carl  Schmidt.*  He  determined  the  exact  quantity  of  the 
chlorine  and  of  all  the  bases,  potassium,  sodium,  lime,  mag- 
nesium, oxide  of  iron,  and  ammonia.  The  result  was,  that 
after  allowing  enough  hydrochloric  acid  to  saturate  all  the 
bases,  a quantity  remained  over  which  amounted  to  about 
2*5  to  4 grms.  in  1 litre.  Carl  Schmidt  determined,  in 
addition,  the  amount  of  free  acid  by  means  of  titration,  and 
obtained  almost  exactly  the  same  numbers  as  in  the  case  of 
the  determination  by  weight. 

If  we  now  inquire  into  the  signification  of  this  free  acid, 
we  find  that  most  writers  regard  it  as  subserving  the  digestion 
of  proteids.  Proteids,  and  gelatins  which  are  closely  allied 
to  them,  are  in  fact  the  only  articles  of  diet  which  are  altered 
by  the  gastric  juice.  They  are  changed  into  peptones, i*  which 
are  distinguished  from  proteids  and  gelatins  by  the  fact  that 
they  no  longer  retain  their  colloid  properties,  are  no  longer 
coagulable,  are  more  readily  diffusible  through  animal  mem- 
branes, and  consequently  appear  particularly  suited  for 
absorption  into  the  blood.  This  peptonizing  action  is  attri- 
buted to  a ferment  called  pepsin. Pepsin  is,  however,  only 
effectual  in  the  presence  of  a free  acid.  Hence,  up  to  the 

* Bidder  and  Schmidt,  “Die  Verdauungssäfte  und  der  Stoffwechsel,’’  pp. 44, 
45:  Mitau  and  Leipzig,  1852. 

t The  nature  and  signification  of  the  peptones  will  be  discussed  later  on  (see 
Lectures  X.  and  XII.). 

X See  Lecture  X.  for  the  experiments  on  the  isolation  of  pepsin.  Besides 
pepsin,  another  ferment,  the  “rennet  ferment,”  is  included  in  the  gastrio  juice, 
and  this  is  said  to  cause  the  coagulation  of  milk  in  the  stomach.  Nothing  is  known 
concerning  the  physiological  import  of  rennet-coagulation.  I therefore  omit  all 
account  here,  and  refer  the  reader  to  the  works  of  Hammarston  ( Läkareförennings 
Fiirhandlingar, vol.  viii.  p.  63:  1872;  vol.ix.pp.  363,452:  1874) of  wliioh  a complete 
abstract  will  be  found  in  Maly’s  Jahresbericht  für  Thierchemie.  “ Zur  Kenn tn iss 
des  Caseins  u.  der  Wirkung  des  Labfermentes  : ” Upsala,  1877.  Alex.  Schmidt 
“ Beitrag  zur  Kenntuiss  dor  Milch  : ” Dorpat,  1874.  See  Looturo  X.  for  au 
account  of  ferments. 
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present  time  it  has  been  the  custom  to  regard  free  acid  as 
being  only  of  use  in  rendering  the  action  of  pepsin  possible. 

But  we  cannot  be  content  with  this  explanation  ; we  know 
that  the  pancreatic  ferment  acts  even  more  energetically  than 
the  gastric  juice,  and  that  it  is  most  efficacious  when  the 
reaction  is  faintly  alkaline.  Why  should  the  gastric  glands 
have  the  severe  labour  of  separating  free  hydrochloric  acid 
from  the  alkaline  blood,  if  the  organism  can  effect  its  purpose 
by  much  simpler  means — by  the  secretion  of  an  alkaline 
fluid  ? The  free  acid  must  have  some  other  signification. 
At  the  present  day,  when  our  knowledge  of  putrid  fermenta- 
tion and  the  means  of  combating  it  has  so  much  increased, 
and  when  we  have  found  that  free  mineral  acids  are  to  be 
counted  among  the  most  effectual  antiseptics,  it  is  not  un- 
reasonable to  attribute  this  function  to  the  free  hydrochloric 
acid  of  the  gastric  juice.  It  has  the  duty  of  killing  the 
micro-organisms  which  reach  the  stomach  with  the  food. 
These  would  otherwise  set  up  processes  of  decomposition  in 
the  alimentary  canal,  and  thus  destroy  a part  of  the  food 
before  its  absorption,  whilst  the  products  of  decomposition 
would  produce  disagreeable  symptoms,  or  even,  as  a cause  of 
disease,  endanger  life. 

N.  Sieber,*  in  Nencki’s  laboratory  in  Berne,  determined 
the  strength  of  the  hydrochloric  acid  which  suffices  to  prevent 
the  development  of  putrefactive  organisms  in  substances 
capable  of  putrefaction,  and  arrived  at  the  following  results. 

If  50  grms.  finely  chopped  meat  were  put  into  an  open 
flask  with  300  c.cms.  of  a 0'1  per  cent,  solution  of  hydrochloric 
acid,  only  a scanty  development  of  micrococci  and  bacilli 
took  place  in  twenty-four  hours.  After  forty-eight  hours 
they  had  somewhat  increased,  and  on  the  third  day  the  fluid 
presented  a distinctly  putrefactive  odour,  and  a weakly  acid 
reaction. 

When  the  experiment  was  made,  ceteris  paribus,  with  0‘25 
* N.  Sieber,  Journ.f.  prakt.  Chem.,  vol.  xix.  p.  433  : 1879. 
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per  cent,  hydrochloric  acid,  isolated  non-motile  organisms 
were  not  found  till  the  seventh  day,  and  pronounced  forma- 
tion of  mould  not  until  the  ninth  day. 

In  a third  experiment  carried  out,  ceteris  paribus,  with 
0‘5  per  cent.  HC1,  “ no  trace  of  putrefaction  ” appeared 
until  the  seventh  day. 

Miquel  * attained  the  same  result,  finding  that  from  02 
to  0‘3  grm.  mineral  acid  was  sufficient  to  render  100  c.cms.  of 
bouillon  incapable  of  undergoing  putrefaction. 

In  the  gastric  juice  of  a dog — obtained  from  a gastric 
fistula,  and  from  which  all  admixture  with  saliva  had  been 
prevented  by  previous  ligature  of  all  the  salivary  ducts — 
C.  Schmidt  t found  in  eight  analyses,  from  0'25  to  0’42  per- 
cent. HC1,  the  mean  of  the  eight  analyses  being  0-33  per 
cent.  Heidenhain  1 found  in  the  secretion  of  the  glands  of 
the  cardiac  end  of  the  stomach,  § by  means  of  titration  in 
thirty-six  cases,  from  0'46  to  0‘58,  as  a mean  0‘52  HC1 
per  cent. 

In  Hoppe-Seyler’s  laboratory,  ||  the  free  acid  contained 
in  the  undiluted  gastric  juice,  obtained  from  a man  by  the  aid 
of  the  stomach-pump,  was  determined;  0'3  per  cent.  HCI 
was  found. 

We  thus  arrive,  then,  at  the  striking  result,  that  the 
quantity  of  free  hydrochloric  acid  in  the  gastric  juice  exactly 
corresponds  to  the  quantity  which  is  necessary  to  prevent  the 
development  of  putrefactive  organisms.  This  coincidence 
cannot  be  accidental. 

It  might  be  objected  to  this  that  the  gastric  juice  is  diluted 
by  the  saliva  and  the  food.  On  the  other  hand,  it  must  be 
remembered  that,  owing  to  the  constant  peristaltic  action  of 

* Miquel,  “Centralblatt  f.  allgem.  Gesundheitspflege,”  vol.  ii.  p.  403:  1884. 

t Bidder  and  Schmidt,  loc.  cit.,  p.  61. 

X Heidenhain,  Pfliiger’s  Arch.,  vol.  xix.  p.  153:  1879. 

§ The  method  of  obtaining  the  secretion  from  these  glands  will  be  discussed 
later  on  (see  p.  166). 

II  Dionys  Szabo,  Zeitschr.f.  phys.  Ghem.,  vol.  i.  p.  155  : 1877. 
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the  stomach,  different  portions  of  its  contents  are  constantly 
being  brought  into  contact  with  the  secreting  wall,  and  con- 
sequently into  contact  with  hydrochloric  acid  of  the  strength 
requisite  to  kill  bacilli.  In  fact,  under  normal  conditions, 
pronounced  putrefactive  decomposition  never  occurs  in  the 
stomach.  But  if,  under  pathological  conditions,  the  secretion 
should  be  interfered  with,  the  processes  of  fermentation  and 
decomposition  may  reach  a very  high  degree. 

The  antiseptic  action  of  the  gastric  juice  was  noticed  more 
than  a hundred  years  ago  by  Spallanzani.*  He  found  that  by 
moistening  meat  with  gastric  juice  he  could  prevent  decom- 
position for  many  days.  But  when,  ceteris  paribus,  water 
was  used  instead  of  gastric  juice,  an  unbearable  putrid  odour 
was  speedily  developed.  A snake  had  swallowed  a lizard. 
After  sixteen  days  Spallanzani  opened  the  stomach ; the 
lizard  was  half  digested,  but  gave  no  odour  of  decomposition. 
Spallanzani  even  observed  that  the  gastric  juice  not  only 
prevented  decomposition,  but  stopped  putrefaction  which  had 
already  begun.  He  found  that  when  decomposing  meat  was 
introduced  into  the  stomachs  of  various  animals,  it  lost  its 
putrefactive  character  after  a time,  and  particularly  its  putrid 
odour. 

A strong  point  in  favour  of  the  view  that  the  antiseptic 
action  of  the  gastric  juice  constitutes  its  chief  importance  is 
found  in  the  fact,  that  in  a whole  series  of  the  lower  animals, 
the  commencement  of  the  alimentary  canal  secretes  a fluid 
very  rich  in  mineral  acid,  but  containing  no  ferment,  and 
having  no  special  action  on  the  food.  This  important  fact 
was  first  noticed  by  the  zoologist  Troschel.f  He  was  making 


* Spallanzani,  “Experiences  sur  la  digestion,”  Trad,  par  Senebier,  pp.  95,  97, 
145,  320,  330,  nouvelie  edit. : Geufeve,  1784.  This  work  is  strongly  to  be 
recommended  to  young  physiologists,  as  an  example  of  impartial  investigation, 
logical  conclusions,  indomitable  scepticism,  and  the  purest  enjoyment  of  truth 
for  its  own  sake.  The  same  qualities  are  visible  in  all  Spallanzani’s  other  works. 

t Troschel,  Poggendorlf’s  Anna!.,  vol.  xciii.  p.  614:  1854;  or  Journ.  /. 
pralct.  Cliem.,  vol.  lxiii.  p.  170:  1854. 
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a scientific  journey  with  his  teacher,  Johannes  Miiller,  and 
whilst  in  Messina  he  examined  a large  species  of  mollusc  which 
is  there  found  in  the  sea,  the  Dolium  galea.  It  so  happened 
that  one  of  these  creatures,  whilst  being  examined,  suddenly 
ejected  from  its  mouth  a stream  of  clear  fluid,  which  fell  on 
the  floor.  The  latter  was  covered  with  marble,  and  the  fluid 
at  once  caused  a violent  ebullition  of  carbonic  acid.  Troschel 
collected  a large  quantity  of  this  secretion  from  a number  of 
these  molluscs.  The  weight  of  one  of  the  molluscs  amounted 
to  from  1 to  2 kgrms.,  and  the  two  large  glands  which  pour  the 
acid  fluid  into  the  mouth,  and  are  hence  designated  salivary 
glands  by  zoologists,  weigh  together  from  80  to  150  grms. 
On  grasping  the  proboscis  of  the  animal  by  its  trumpet-like 
enlarged  end,  the  secretion  is  ejected,  and  can  he  collected  in 
a vessel.  The  quantity  was  very  small,  but  amounted  in  one 
case  to  fully  6 loth  * Prussian  weight.  It  was,  therefore,  easy 
to  collect  a quantity  sufficient  for  investigation. 

Troschel,  on  his  return  to  Bonn,  made  over  the  whole  of 
the  secretion  to  the  chemist  Boedeker,  for  analysis.  It  struck 
Boedeker  at  once  that  the  fluid  displayed  no  trace  whatever 
of  putrefaction  or  fermentation,  or  of  mouldiness,  although  it 
had  been  kept  for  half  a year  in  a stoppered  bottle,  and  that 
it  had  no  smell.  The  analysis  yielded  so  large  a quantity  of 
sulphuric  acid,  that  after  saturation  of  all  the  bases  present, 
potassium,  sodium,  magnesium,  a little  ammonia,  and  a trace 
of  lime,  there  still  remained  2‘7  per  cent.  H2S04.  In  addition, 
the  secretion  contained  0‘4  per  cent,  of  hydrochloric  acid. 
These  results  of  Troschel  and  Boedeker  were  confirmed  by 
Panceri  and  De  Luca.f  They  found  in  three  analyses  of  the 
saliva  of  Dolium,  galea,  3’3,  3’4,  4-l  per  cent,  of  free  sulphuric 
acid.  They  also  proved  the  presence  of  secretions  containing 
free  sulphuric  acid  in  another  species  of  mollusc. 

In  more  recent  times,  the  saliva  of  Dolium  galea  has  been 

* A “loth”  is  half  an  ounce. — Ed. 

t 8.  de  Luca  and  P.  Panceri,  Compt.  rend.,  t.  lxv.  pp.  577,  712 : 1867. 
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examined  by  Maly.*  He  has  determined  the  sulphuric  acid 
by  titration,  and  found  0'8  and  0'98  per  cent.  H2S04,  in  two 
determinations.  The  secretion  had  no  digestive  influence  on 
any  article  of  food.  Proteid  and  starch  remained  totally 
unchanged. 

Fredericq  f found  that  the  salivary  glands  in  the  octopus 
had  an  acid  reaction.  The  extract  of  these  glands  had  no 
digestive  influence. 

We  must  now  ask  how  this  remarkable  phenomenon,  the 
secretion  of  the  strongest  free  mineral  acids  from  the  alkaline 
tissues,  is  to  be  explained. 

That  the  tissue  of  the  gastric  mucous  membrane  does,  as 
a matter  of  fact,  give  an  alkaline  reaction,  has  been  shown  by 
Brücke!  by  the  following  experiment.  He  removed  a strip 
of  the  muscular  coat  from  a rabbit  recently  killed,  and  then, 
with  curved  scissors,  cut  out  a piece  of  the  parenchyma 
of  the  glands  without  quite  touching  the  internal  surface  of 
the  mucous  membrane.  The  fragment  thus  obtained  could 
be  crushed  between  blue  litmus  paper  without  causing  a red 
spot,  whilst  this  was  produced  at  once  on  contact  with  the 
internal  surface. 

The  material  for  the  formation  of  the  hydrochloric  acid 
in  the  gastric  glands  is  undoubtedly  yielded  by  the  blood  in  the 
form  of  chloride  of  sodium,  which  forms  the  chief  con- 
stituent of  the  ash  of  the  blood-plasma  and  of  lymph.  But 
nevertheless  carbonate  of  soda  is  contained  in  both  blood  and 
lymph,  which  have,  in  consequence,  an  alkaline  reaction. 
How,  then,  is  the  hydrochloric  acid  set  free  from  the  sodium 
chloride  of  the  alkaline  plasma?  fwo  suppositions  alone 
are  possible.  Either  the  hydrochloric  acid  is  separated  from 
the  sodium  by  the  aid  of  some  kinetic  energy,  or  the  hydro- 
chloric acid  is  driven  from  its  base  by  another  acid.  With 

* Maly,  Sitzungsber.  d.  k.  Akad.  d.  Wissensch , Mathem.  naturw.  Classe,  voL 
Ixxxi.  Abtli.  2.  Sitzung,  vom  März.  11,  p.  376 : Wien,  1880. 

f Frede'ricq,  Bulletins  de  l’acad.  roy.  de  Belgique,  ser.  ii.  t.  xlvi.  No.  11 : 1878. 

X Brücke,  Sitzungsber.  d.  Wien.  Akad.,  vol.  xxxvii.  p.  131 ; 1859. 
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regard  to  the  first  possibility,  we  are  only  acquainted  with 
one  kind  of  kinetic  energy  which  is  able,  outside  the  organ- 
ism, to  separate  hydrochloric  acid  from  an  aqueous  solution 
of  chloride  of  sodium,  and  that  is  the  electric  current. 
There  was  a period  in  the  development  of  physiology  when 
a tendency  existed  to  ascribe  anything  which  could  not  be 
understood  to  electricity.  It  was  then  thought  that  the 
appearance  of  free  hydrochloric  acid  in  the  gastric  juice 
could  be  explained  by  the  supposition  of  electrical  currents 
in  the  gastric  glands.  But  at  the  present  day  this  view  is 
hardly  entertained ; neither  are  there  any  valid  grounds  for 
its  adoption. 

With  regard  to  the  second  supposition,  the  displacement 
of  the  hydrochloric  acid  by  another  acid,  there  was  till 
recently  a prejudice  against  it,  since  it  was  thought  that  an 
acid  could  only  be  displaced  by  a stronger  acid.  The  ques- 
tion is,  whether  this  opinion  is  well  founded,  and  what  we 
mean  by  the  terms  weaker  and  stronger  acid.  The  most 
plausible  definition  is  obviously  the  following : of  two  acids, 
the  one  which  requires  a greater  expenditure  of  energy  to 
separate  it  from  the  same  base,  and  which,  on  reuniting,  pro- 
duces more  energy,  is  the  stronger.  In  this  sense,  as  proved 
by  calorimetric  experiments,  sulphuric  acid  is  stronger  than 
hydrochloric  acid,  hydrochloric  acid  than  lactic  acid,  and 
the  latter  than  carbonic  acid.  But  it  is  erroneous  to  suppose 
that  the  weaker  acid  is  never  able  to  drive  out  the  stronger. 
From  the  researches  of  Jul.  Thomsen,*  we  know  with  cer- 
tainty that  every  acid  drives  out  a portion  of  every  other 
acid  from  its  union  with  a base.  It  may  even  happen  that 
the  weaker  acid  unites  with  the  bulk  of  the  bases  present. 
If  hydrochloric  acid  be  added  to  a solution  of  sulphate  of  soda, 
heat  is  absorbed  and  the  temperature  of  the  solution  falls  ; 
more  heat  is  used  up  in  the  separation  of  the  soda  from  the 

* Jul.  Thomsen,  “Thermochemische  Untersuchungen,”  PoggendorlTs  Annal., 
vols.  cxxxviii.-cxliii. : 18G9-1871. 
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sulphuric  acid  than  is  produced  by  its  union  with  hydro- 
chloric acid.  With  the  aid  of  the  calorimeter,  it  is  possible 
to  follow  these  experiments  quantitatively  with  exactness. 
From  the  known  amount  of  heat  produced  by  the  union 
of  hydrochloric  acid  and  sulphuric  acid  with  sodium,  and 
from  the  diminution  of  temperature  observed  when  hydro- 
chloric acid  acts  on  a solution  of  sulphate  of  sodium,  it  can 
be  exactly  calculated  how  much  sulphuric  acid  is  displaced 
by  the  hydrochloric  acid.  Thomsen  found  that  when  equiva- 
lent quantities  of  hydrochloric  acid  and  sulphate  of  soda 
react  upon  one  another,  the  hydrochloric  acid  combines  with 
two-thirds  of  the  sodium  present,  leaving  only  one-third  to  the 
sulphuric  acid.  The  weaker  acid  takes  up  twice  as  much  as 
the  stronger.  Strength,  as  defined  above,  is  therefore  not  the 
determining  factor.  We  are  compelled  to  form  a new  idea 
of  the  different  strengths  of  chemical  affinity,  and  Thomsen 
has  introduced  the  term  “ avidity  ” to  express  this  idea.  The 
avidity  of  hydrochloric  acid  is,  therefore,  twice  as  great  as 
that  of  sulphuric  acid. 

Thomsen  found  the  avidity  of  organic  acids  to  be  much 
less.  The  avidity  of  oxalic  acid  is  four  times  less  than  that 
of  hydrochloric  acid ; that  of  tartaric  acid  twenty  times,  that 
of  acetic  acid  thirty-three  times,  less.  If,  therefore,  equivalent 
quantities  of  acetic  acid,  hydrochloric  acid,  and  sodium  react 
upon  one  another  in  an  aqueous  solution,  the  acetic  acid  takes 
3^  of  the  total  sodium;  the  hydrochloric  §|.  If,  however, 
more  than  one  equivalent  of  acetic  acid  react  upon  one 
equivalent  of  hydrochloric  acid  and  one  equivalent  of  sodium, 
more  than  ^ of  the  sodium  unites  with  the  acetic  acid,  and 
the  further  increase  will  be  in  proportion  to  the  greater- 
amount  of  acetic  acid  present.  This  phenomenon  is  known 
by  the  name  of  the  “influence  of  mass.”  By  the  influence 
of  mass,  acids  of  the  weakest  avidity  are  able  to  unite  with 
the  bases  and  to  displace  acids  of  the  greatest  avidity.  No 
acid  has  an  avidity  = 0.  Even  carbonic  acid,  feeble  as  it  is, 
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must  be  able,  by  the  influence  of  mass,  to  displace  a part  of 
the  strongest  acid. 

Finally,  we  must  suppose  that  even  the  weakest  acid, 
water,  may  displace  a part  of  the  strongest  from  their  salts. 
If  we  dissolve  neutral  chloride  of  sodium  in  water,  there  will 
be,  in  addition  to  the  chloride  of  sodium,  a small  trace  of 
HC1  and  NaOH  contained  in  the  solution.  In  the  case  of 
certain  metallic  salts,  which  form  basic  salts,  soluble  with 
difficulty,  the  action  of  water  in  displacing  the  strongest 
mineral  acids  can  be  easily  demonstrated.  If  we  dilute  a 
solution  of  nitrate  of  bismuth  with  water,  the  basic  salt  is 
precipitated,  and  we  find  free  nitric  acid  in  solution.  In  this 
case  the  mass-influence  of  the  feeble  acid  is  aided  by  the 
affinity  of  the  strong  acid  for  water. 

The  displacement  of  strong  mineral  acids  by  weak  organic 
acids  may  be  shown  in  other  ways  than  the  thermo-chemical. 
Maly*  introduced  into  the  lower  portion  of  a tall  cylinder, 
a solution  of  common  salt  and  lactic  acid,  and  carefully 
poured  water  upon  it.  After  a considerable  time,  the  upper 
stratum  was  removed  and  analyzed.  It  was  found  to  con- 
tain more  chlorine  than  was  sufficient  to  saturate  the  sodium 
that  was  present.  It  follows  that  free  hydrochloric  acid  had 
diffused  into  the  water. 

If  we  take  these  facts  into  consideration,  there  is  nothing 
peculiar  in  the  separation  of  free  hydrochloric  acid  from 
alkaline  blood.  We  know  that  the  blood  always  contains  free 
carbonic  acid,  which,  by  the  influence  of  mass,  has  the  power 
of  setting  free  a small  amount  of  hydrochloric  acid  from  the 
chloride  of  sodium.  The  amount  may  be  almost  imperceptible, 
but  as  soon  as  this  small  quantity  of  free  hydrochloric  acid, 
which  corresponds  to  the  free  carbonic  acid,  diffuses  away, 
the  carbonic  acid,  by  its  mass-influence,  must  again  set  fret) 
another  small  amount  of  hydrochloric  acid,  and  so  on. 

There  is,  therefore,  nothing  extraordinary  in  the  occur- 
* M.:ly,  Liebig’s  Annal.,  vol.  clxxlii.  pp.  250-257  : 1874. 


164 


LECTURE  IX. 


rence  of  free  hydrochloric  acid.  But  what  is  enigmatical  is 
the  power  epithelial  cells  possess  of  directing  the  hydrochloric 
acid,  liberated  from  the  chloride  of  sodium,  always  in  the 
one  direction  towards  the  excretory  duct  of  the  gastric  glands, 
and  the  carbonate  of  sodium  formed  from  the  carbonic  acid 
always  in  the  opposite  direction,  back  towards  the  lymph  and 
blood-vessels.  But  this  enigma  confronts  us  everywhere  in 
living  tissue.  Each  cell  has  the  power  of  attracting  or  re- 
jecting different  materials,  according  to  the  object  they  are 
destined  to  fulfil,  and  of  forwarding  them  in  different  direc- 
tions.* 

It  is,  therefore,  no  fresh  problem  that  confronts  us,  in  the 
attempt  to  explain  the  occurrence  of  free  hydrochloric  acid 
in  the  gastric  glands,  and,  in  fact,  “ every  explanation  of  the 
phenomena  of  nature  consists  in  referring  an  apparently 
fresh  difficulty  back  to  old  and  well-known  problems.” 

The  mass  action  of  carbonic  acid  appears  also  to  liberate 
the  mineral  acids  in  the  salivary  glands  of  Dolium  galea. 
De  Luca  and  Panceri  observed  that  a strong  current  of  gas- 
bubbles  arose  from  the  glands  when  they  were  cut  up  and 
immersed  in  water.  The  gas,  being  completely  absorbed  by 
potash,  was  therefore  pure  carbonic  acid.  A gland  weighing 
75  grms.  produced,  when  covered  with  water,  200  c.cms.  of 
carbonic  acid,  or  nearly  three  timeB  its  volume.  It  must 
likewise  be  remembered  that  the  surrounding  fluid  retained  a 
considerable  quantity  of  carbonic  acid,  and  that  the  gland 
itself  remained  saturated  with  carbonic  acid.  Thus  at  least 
four  times  its  volume  of  carbonic  acid  was  absorbed  in  the 
gland.  As  water  at  an  ordinary  temperature  absorbs  from 
an  atmosphere  of  pure  carbonic  acid  its  equal  volume  of 
carbonic  acid,  we  must  conclude  that  the  carbonic  acid  in 
the  gland  was  under  more  than  fourfold  atmospheric  pres- 
sure ; or  we  must  assume  that  the  carbonic  acid  was  in  part 
loosely  combined.  An  exact  estimate  of  the  tension  of 
4 Compare  above  pp.  5-G,  and  108,  and  below  pp.  171-175,  and  Lecture  XVII. 
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carbonic  acid  which  would  prevent  the  escape  of  the  gas  from 
the  gland,  would  help  to  decide  this  question. 

It  is  quite  possible  that  much  carbonic  acid  is  also 
liberated  in  the  epithelial  cells  of  the  gastric  glands,  either 
by  a fermentative  process  or  by  the  oxidation  of  organic 
compounds. 

At  the  same  time,  we  are  not  obliged  to  ascribe  the  dis- 
placement of  the  strong  mineral  acids  to  the  most  feeble  acid, 
carbonic  acid.  It  is  quite  conceivable  that,  in  the  epithelial 
cells  of  the  glands,  organic  acids  maybe  liberated  by  the  action 
of  ferments  from  neutral  organic  compounds ; for  instance, 
lactic  acid  from  neutral  sugar,  which  is  invariably  a con- 
stituent of  blood-plasma  and  of  lymph.  It  is  even  possible 
that  the  strongest  mineral  acid,  sulphuric  acid,  may  be 
liberated,  by  a fermentative  action,  directly  from  a neutral 
compound  of  sulphur,  as,  for  instance,  from  proteid.  That 
this  is  possible  may  be  seen  from  an  example  in  organic 
chemistry  — I mean  the  decomposition  of  a glucoside, 
myronic  acid. 

The  potassium  salt  of  myronic  acid,  a neutral  compound, 
splits  up  by  the  action  of  a ferment  into  sugar,  allyl  mustard 
oil,  and  bisulphate  of  potash,  which  latter,  Graham*  has 
shown,  at  once  decomposes  in  an  aqueous  solution  into  free 
sulphuric  acid  and  neutral  sulphate  of  potash.  Besides  this, 
free  sulphuric  acid  might  also  be  liberated  by  oxidation  „.from 
neutral  organic  sulphuric  compounds. 

At  present  we  do  not  know  by  which,  of  all  these  conceiv- 
able processes,  the  strong  mineral  acids  are  liberated  in 
glandular  tissue.  I have  called  attention  to  these  possibilities 
so  as  not  to  be  obliged  to  have  recourse  to  electricity  for  an 
explanation. 

* Graham,  Liebig’slAwwaZ.,  vol.  lxxvii.  p.  80  : 1881.  In  a diffusion  experiment 
with  bisulphate  of  (potassium,  more  sulphuric  acid  diffused  than  corresponded 
to  the  acid  salt,  and  a little  neutral  sulphate  of  potassium  crystallized  out  in  the 
diffusion  cell. 
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The  secretion  of  the  free  hydrochloric  acid  does  not 
occur  in  all  glands  of  the  gastric  mucous  membrane.  The 
mucous  membrane  in  the  region  of  the  pylorus,  which,  even 
with  the  naked  eye,  can  be  distinguished  by  its  pale  colour 
from  the  rest  of  the  membrane,  yields  an  alkaline  secretion 
which  only  contains  pepsin.  The  glands  of  the  rest  of  the 
membrane  yield  an  acid  secretion  which  contains  pepsin  as 
well  as  free  acid.  This  was  shown  to  be  the  case  by  Kle- 
mensiewicz  * and  Heidenhain  t by  the  following  method  : — 

By  an  incision  in  the  linea  alba  of  a dog  that  has  been 
fasting  from  thirty-six  to  forty-eight  hours,  the  stomach  is 
drawn  out  by  two  parallel  incisions,  avoiding  the  large  blood- 
vessels, the  pylorus-zone  is  cut  out,  the  two  edges  of  the 
resected  stomach  are  sewn  together,  and  the  organ  thus 
reduced  in  size  is  replaced.  Then  the  excised  pylorus  is 
sewn  together  at  one  end  to  form  a sac,  while  the  other  end 
is  sewn  into  the  abdominal  wound.  By  the  careful  use  of 
antiseptics  in  the  treatment  of  the  wounds,  and  by  abstinence 
from  food  during  the  following  days,  the  animals  are  kept 
alive  after  this  severe  operation.  Heidenhain  was  able  to 
observe  one  of  the  dogs,  that  he  had  experimented  upon,  for 
ten  weeks.  The  tough,  slimy,  clear  fluid  secreted  in  the 
isolated  pylorus  invariably  gave  an  alkaline  reaction,  and,  on 
the  addition  of  0’1  per  cent,  of  hydrochloric  acid,  produced  a 
peptonizing  action  on  albumen.  As  dilute  hydrochloric  acid 
by  itself  cannot  convert  proteids  into  peptone  at  the  tempera- 
ture of  the  body,  we  must  assume  that  the  pyloric  secretion 
contains  a ferment. 

In  a similar  method  to  that  adopted  for  the  pylorus, 
Heidenhain  isolated  a rhombic  portion  of  the  fundus  of  the 
stomach,  converted  it  into  a sac,  and  attached  the  open  end 
to  the  abdominal  wound.  A dog  thus  operated  upon  was 

* Rudolf  Klemensiewicz,  Sitzungsberichte  der  Wiener  Ahad.,  Math.  nat.  Classe, 
vol.  lxxi.  part  iii.  p.  249  : 1875. 

t Heidenhain,  Pfliiger’s  Arch.,  vol.  xviii.  p.  1G9:  1S78;  and  vol.  xix.  p.  148: 
1879. 
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observed  for  five  weeks.  Tlie  secretion  collected  from  the 
abdominal  wound  always  possessed  an  acid  reaction,  and 
manifested  a pronounced  peptonizing  influence,  showing  that 
it  also  contained  pepsin. 

Still  further  progress  has  been  made  in  determining 
exactly  where  the  hydrochloric  acid  first  originates,  and 
special  cells  of  the  gastric  glands,  the  so-called  border-cells, 
are  regarded  as  its  place  of  origin.  The  reasons  which  are 
adduced  in  favour  of  this  conclusion  are  by  no  means  con- 
vincing ; but  it  would  lead  me  too  far  to  consider  the  whole 
question  in  detail.* 

Since  it  is  possible  to  keep  an  animal  alive  after  resection 
of  the  pylorus,  the  question  arises  as  to  whether  the  whole 
stomach  might  not  be  removed  without  destroying  life.  Such 
an  operation  would  be  likely  to  give  us  much  information 
concerning  the  true  importance  of  the  stomach. 

Czerny,  the  eminent  surgeon,  and  his  assistants,  Kaiser 
and  Scriba,  carried  out  this  operation  on  dogs.  In  the  year 
1878,  Kaiser  f published  the  result  of  the  operations,  and 
communicated  the  facts  that,  of  the  dogs  in  which  the 
stomach  had  been  almost  completely  removed,  one  had  sur- 
vived three  weeks,  another — operated  on  December  22,  1876 
— was  still  living.  At  first  the  animals  were  only  fed  on  very 
small  quantities  of  milk  and  pounded  meat,  as  otherwise 
vomiting  ensued.  The  second  dog,  after  a two  months’ 
interval,  required  no  further  care,  and  ate  ordinary  food  like 
the  other  dogs.  The  weight  of  the  dog  before  the  operation 
was  5850  grms.  ; after  the  operation  it  fell  to  4490  grms.  by 
January  22,  but  then  increased  again  till  it  amounted  to 
7000  grms.  on  September  10. 

In  Leipzig,  in  the  year  1882,  Ludwig  and  his  pupil  OgataJ 

* An  acconnt  of  the  literature  on  this  question  is  given  in  the  chapter,  “ Phy- 
siologie der  Absonderungsvorg'ange,”  by  Heidenhain,  in  Hermann’s  Handbuch  der 
Physiol.,  vol.  v.  part  i.  : Leipzig,  1883. 

t F.  F.  Kaiser,  in  Czerny’s  “ Beiträge  zur  operativen  Chirurgie,”  p.  141 ; 1878. 

+ M.  Ogata,  Du  Bois’  Arch.,  p.  83 : 1883. 
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were  engaged  in  investigating  the  functions  of  the  stomach. 
It  occurred  to  them  that  it  would  be  interesting  to  learn  what 
had  become  of  Czerny’s  dogs.  Ludwig  wrote  to  Heidelberg, 
to  Czerny,  who  answered  by  sending  the  dog  in  a perfectly 
healthy  state  to  Leipzig.  It  was  in  excellent  spirits,  and 
ate  all  kinds  of  food  with  a keen  appetite.  The  faeces  were 
normal.  In  consequence  of  the  abundant  food  it  put  on 
weight,  and  it  did  not  appear  to  differ  in  any  way  from  an 
ordinary  dog.  With  Czerny’s  consent,  the  dog  was  killed  in 
the  spring  of  1882.  “The  post-mortem  showed  that  only  a 
very  small  portion  of  the  cardiac  end  of  the  stomach  re- 
mained, and  this  was  dilated  into  a small  cavity  filled  with 
food.”  The  dog  had  therefore  lived  for  more  than  five  years 
without  a stomach. 

Ludwig  and  Ogata  * adopted  another  way  of  excluding 
the  stomach  from  participation  in  the  functions  of  digestion, 
and  of  observing  what  variations  from  the  normal  course  of 
events  were  then  produced.  They  introduced  the  food 
directly  into  the  duodenum,  by  means  of  a fistula  which 
had  been  established  close  to  the  pylorus,  and  then  closed  the 
pylorus  by  means  of  a gutta-percha  ball  provided  with  a long 
tube  which  projected  from  the  fistula,  and  by  means  of  which 
the  ball  could  be  so  filled  with  water  that  the  passage  from 
the  stomach  to  the  duodenum  was  completely  cut  off. 

In  this  way  it  was  possible  to  introduce,  at  one  time,  very 
large  quantities  of  food,  such  as  pounded  egg  and  minced 
meat,  into  the  duodenum  without  causing  any  disturbance. 
Two  injections  per  diem  were  sufficient  to  maintain  the 
animal’s  weight.  The  food  was  almost  completely  used  up, 
and  the  faeces  exhibited  normal  characters,  such  as  are 
observed  in  feeding  by  mouth.  The  only  exception  was,  that 
sometimes  the  connective  tissue  of  the  food  was  not  quite 
so  completely  absorbed  as  is  normally  the  case.  It  was,  how- 
ever, not  a matter  of  indifference  whether  the  food  was  pre- 

* M.  Ogata,  loo.  o it.,  p.  91. 


MICRO-ORGANISMS  IN  THE  STOMACH. 


100 


viously  cooked  or  not.  For  instance,  minced  meat  was  only 
completely  absorbed  if  given  raw.  If  administered  after  it 
had  been  boiled,  it  was  ejected  per  anum  a few  hours  later, 
but  little  or  entirely  unaltered.  Minced  pork  behaved  in  an 
opposite  way,  and  was  more  completely  digested  after  having 
been  lightly  boiled  than  when  given  raw. 

Ludwig  and  Ogata  conclude  from  their  observations  that 
the  stomach  is  not  necessary  to  satisfy  the  requirements  of 
digestion,  either  as  a reservoir  of  food  or  to  produce  the 
gastric  juice. 

No  experiment  was  made  in  which  a dog,  after  removal 
of  the  stomach,  was  fed  by  the  direct  introduction  into  the 
intestine  of  putrid  meat,  a diet  which  agrees  very  well  with 
normal  dogs.  The  chief  function  of  the  stomach  would  at 
once  have  been  evident  had  this  been  done. 

The  antiseptic  powers  of  the  gastric  juice  have,  like  most 
things,  a limit.  Certain  bacteria,  and  among  them  patho- 
genic organisms,  exhibit,  especially  in  their  spore  stage,  such 
a resistance  to  chemical  agents  that  the  hydrochloric  acid  of 
the  stomach  does  not  kill  them.  Thus  Falk  * observed  that 
the  tubercle  bacillus  was  not  acted  upon  by  gastric  juice. 
Anthrax  virus,  taken  from  the  spleen  of  animals  which  had 
died  of  splenic  fever,  was  rendered  inert  both  by  gastric  juice 
and  by  a 0*11  per  cent,  solution  of  hydrochloric  acid.  The 
spores  of  anthrax  bacilli  were  as  a rule  not  affected  by  dilute 
hydrochloric  acid  or  gastric  juice,  though  they  were  in  a few 
cases..  These  statements  have  been  fully  confirmed  by 
Frank.! 

The  comma  bacillus,  which  is  said  to  cause  cholera, 
is  very  easily  killed  by  dilute  hydrochloric  acid.  In  conse- 
quence, it  is  not  possible  to  infect  animals  by  administration 
of  the  comma  bacillus  by  the  mouth.  But  it  is  possible  some- 
times to  excite  attacks  resembling  cholera,  by  injecting  pure 

* Falk,  Virchow’s  Arrh.,  vol.  xciii.  p.  117 : 1883. 
f Frank,  Deutsche  mod.  Wachensch.,  No.  21 : 1884. 
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cultivations  of  this  bacillus  into  the  small  intestine,  or  into 
the  stomach,  after  previously  washing  out  the  organ  with 
soda  solution.*  The  bacteria  which  produce  lactic  and  butyric 
fermentation  appear  to  be  more  resistant  to  hydrochloric  acid  ; 
at  any  rate,  they  are  found  very  frequently,  probably  always, 
in  the  human  intestine, f and  after  eating  carbohydrates,  a 
small  amount  of  lactic  and  butyric  acids  is  probably  always 
found  in  the  stomach.  It  has  often  been  asserted  that  this 
decomposition  is  produced  by  unorganized  ferments,  but  it 
has  never  been  strictly  proved 4 In  the  normal  fasces  of  man, 
other  species  of  bacteria  are  constantly  found ; § but  at 
present  it  is  uncertain  whether  they  get  there  by  the  stomach 
or  by  some  other  way. 

In  pathological  conditions,  as  in  so-called  catarrh  of  the 
stomach,  when  the  secretion  of  free  hydrochloric  acid  is  sup- 
pressed, and  the  amount  of  alkaline  mucus  yielded  by  the 
surface  of  the  stomach  is  increased,  the  reaction  may  indeed 
become  alkaline,  and  then  all  sorts  of  bacteria  are  able  to 
grow  luxuriantly.||  Lactic  and  butyric  acids  especially  are 
formed  in  abundance.  The  presence  of  acetic  acid  has  also 
been  demonstrated ; the  latter  is  probably  produced  from  the 
alcohol,  owing  to  the  oxidizing  influence  of  the  air  which  has 
been  swallowed.  Alcohol  arises  by  fermentation  from  the 
carbohydrates.  Not  only  does  yeast,  which  has  actually  been 
observed  in  the  stomach,  produce  alcohol,  but  certain  varie- ' 
ties  of  bacteria  appear  also  to  do  so.1T 

* Nicati  et  Rietsch,  Rev.  Seien.,  p.  658 : 1884 ; R.  Koch,  Deutsche  med. 
Wochensch.,  No.  45  : 1884. 

t H.  Nothnagel,  Centralb.f.  die  med.  Wissensch.,  No.  2:  1S81. 

% See  Ferd.  Iiueppe,  Mittlieil.  a.  d.  icaiserl.  Gesundheitsamte.,  vol.  ii.  p.  309 : 
Berlin,  1884.  Nencki  u.  Sieber,  Journ.  f.  pralct.  Clvem.,  vol.  xxvi.  p.  40:  1882. 

§ See  Berthold  Bienstock,  Zeitsehr.  f.  lclin.  Med.,  vol.  viii.  p.  1:  1884;  L. 
Brieger,  Zeitsclir.f.  physiol.  Chem.,  vol.  viii.  p.  306:  1884. 

II  An  account  of  the  micro-organisms  which  occur  in  the  stomach  under 
pathological  conditions,  as  well  as  the  literature  of  the  subject  will  be  found  in 
the  treatise  of  W.  de  Bary,  “ Beitr.  zur  Kenntniss  der  niederen  Organismen  im 
Mageninhalte”  ( Arch.f . exp.  Fatli.,  vol.  xx.  p.  243:  1S85). 

IT  L.  Brieger,  Zeitsehr.  f.  physiol.  Chem.,  vol.  viii.  p.  30S  : 1884. 
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If  the  organic  acids  reach  the  oesophagus,  they  cause 
heart-burn,  by  the  irritation  of  the  raucous  membranes  of 
the  oesophagus  and  fauces.  This  symptom  is  usually  treated 
with  carbonate  of  soda  or  magnesia,  without  considering 
that  the  cause  is  thus  increased.  The  free  acids  are  neutral- 
ized by  the  drug,  and  the  growth  of  the  fungi  and  fermenta- 
tion proceed  more  rapidly.  The  only  proper  treatment  of 
heart-burn  would  be  to  recommend  abstinence  to  the  patient, 
until  the  stomach  was  empty  and  disinfected  by  its  normal 
hydrochloric  acid. 

The  contents  of  the  stomach  in  a considerable  number 
of  diseases  have  recently  been  examined  by  means  of  the 
stomach-pump.*  It  has  been  found  that  the  free  hydrochloric 
acid  is  frequently  absent  in  the  gastric  juice  of  the  patients, 
whilst  pepsin  is  always  present.!  For  this  reason  dilute 
hydrochloric  acid  is  frequently  prescribed  as  a remedy  in 
dyspepsia.  Many  practitioners  assert  that  they  have  obtained 
a favourable  result  with  it.  I would,  however,  warn  against 
a too  energetic  treatment  with  free  hydrochloric  acid,  espe- 
cially a very  prolonged  use  in  chronic  gastric  trouble.  Hydro- 
chloric acid  is  partly  excreted  in  a free  state  by  the  kidneys. 
We  are  ignorant  whether  we  should  not  be  throwing  too  much 
work  upon  these  organs,  and  whether  we  should  not  injure 

* 0.  Minkowski,  “Mittheilungen  ans  der  med.  Klinik  zu  Königsberg  i. 
Pr.,”  p.  148  : 1888.  The  earlier  literature  is  discussed  here. 

t It  has  frequently  been  asserted  that  free  hydrochloric  acid  is  partly  or 
completely  replaced  by  lactic  acid,  even  in  the  normal  gastric  juice,  but  espe- 
cially in  certain  diseases.  It  has  even  been  asserted  that  the  absence  of  free 
hydrochloric  acid  might  serve  for  diagnostic  purposes,  its  absence  having 
been  regarded  as  indicative  of  carcinoma  of  the  pylorus.  A whole  series 
of  convenient  reactions  for  the  demonstration  of  free  hydrochloric  acid  have 
also  been  advanced.  But  these  tests  have  not  proved  reliable,  nor  has  the 
absence  of  free  hydrochloric  acid  as  a sign  of  a definite  malady  been  found  to  bo 
trustworthy.  Just  as  little  has  the  presence  of  lactic  acid  as  a constituent  of 
normal  gastric  juice  been  proved.  It  would  appear  that  the  lactic  acid  found  in 
the  stomach  never  comes  from  the  gastrio  glands,  but  always  from  the  carbohy- 
drates of  the  food.  An  account  of  the  extensive  literature  on  this  subjeot  will 
be  found  in  Deutsch.  Arch.  f.  Tclin.  Mi; A.,  vol.  xxxix.  p.  233  (1886),  by  J.  von 
Mering  and  A.  Calm,  ontitled  “ Dio  Säuren  des  gesunden  und  kranken  Magens.” 
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their  tissue,  by  a too  prolonged  use  of  it.  We  are  also 
unaware  what  other  tissues  are  affected  by  the  hydrochloric 
acid  on  its  way  from  the  stomach  to  the  kidney,  and  what 
variations  from  their  normal  chemical  processes  it  causes. 
So  long  as  we  are  ignorant  on  these  points,  we  must  be 
cautious  in  the  use  of  powerful  remedies  like  free  mineral 
acids.  In  most  cases,  the  best  advice  would  perhaps  be  that 
of  abstinence,  until  the  whole  lining  of  the  stomach  has 
become  disinfected  by  normal,  undiluted  gastric  juice.  Even 
in  weakened  and  anasmic  individuals,  abstinence  is  perhaps 
more  effectual  than  hydrochloric  acid  and  pepsin,  accom- 
panied by  more  food  than  their  instinct  tells  them  they  can 
dispose  of.  The  administration  of  preparations  of  pepsin 
and  of  pancreatin  is  a useless  measure. 

It  should  also  be  noted  that  to  begin  a meal  with  soup, 
and  to  drink  much  during  a meal,  are  not  rational  pro- 
ceedings ; because  the  gastric  juice  becomes  too  much  diluted, 
and  loses  its  disinfectant  properties.  There  is  an  ancient  and 
good  dietetic  rule,  not  to  drink  for  an  hour  or  two  after 
eating,  when  thirst  is  actually  felt.  It  is  noticeable  that  to 
the  healthy  instinct  of  children  soup  is  repugnant.  At 
periods  when  cholera  is  prevalent,  it  is  advisable  to  avoid 
all  voluminous  foods  and  to  reduce  liquids  to  a minimum, 
so  that  the  whole  contents  of  the  stomach  may  be  impreg- 
nated with  hydrochloric  acid  of  the  necessary  concentration. 

The  question  as  to  why  the  stomach  does  not  digest  itself 
is  one  which  has  caused  much  discussion.  The  tissues  of 
the  stomach  consist  entirely  of  digestible  matter — proteid 
and  gelatin.  In  fact,  as  soon  as  life  ceases,  self-digestion  of 
the  stomach  takes  place.  In  post-mortem  examinations,  it 
is  common  to  find  a part  of  the  mucous  membrane  of  the 
stomach  softened  or  dissolved,  and  this  phenomenon  is  espe- 
cially marked  in  the  bodies  of  healthy  and  powerful  indivi- 
duals who  have  met  with  a sudden  death  in  the  midst  of 
full  digestion.  The  old  doctrine,  that  the  “softening  of  the 
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stomach  ” was  a pathological  process  going  on  during  life,  is 
now  definitely  rejected.* * * §  The  reason  why  the  process  of 
digestion  does  not  proceed  further  in  the  dead  body  is  due  to 
the  process  of  cooling  down  which  takes  place. 

If  a dog  he  killed  during  digestion  and  the  body  be  kept 
warm,  we  find,  after  two  or  three  hours,  not  only  a self- 
digestion of  the  stomach,  but  also  of  the  neighbouring  parts, 
liver  and  spleen.  Why  does  this  solution  not  take  place 
in  the  living  animal  ? This  question  was  taken  up  by  John 
Hunter, f who  supposed  that  “ the  living  principle  ” hindered 
self-digestion.  Cl.  Bernard  f thought  to  refute  this  view 
by  the  following  experiment.  He  placed  the  leg  of  a living 
frog  into  the  gastric  fistula  of  a living  dog.  The  leg  was 
soon  digested,  and  the  frog  remained  alive.  The  living 
principle  had  not,  therefore,  protected  the  frog.  Pavy  § 
introduced  the  ear  of  a live  rabbit  into  the  gastric  fistula  of  a 
dog.  A large  part  of  the  ear  was  digested  in  a few  hours, 
the  tip  being  entirely  dissolved. 

Pavy  ||  thought  that  an  explanation  of  the  power  of 
resistance  possessed  by  the  living  gastric  mucous  membrane 
was  to  be  found  in  the  quantity  of  blood  contained  in  it. 
He  supposed  that  the  constant  rapid  rush  of  alkaline  blood 


* Elsässer’s  “ Die  Magenerweichung  der  Saüglinge  ” (Stuttgart  and  Tübingen, 
1846),  should  be  read  in  this  connection.  The  earlier  literature  is  also  critically 
treated  here.  The  most  prominent  pathological  anatomists  and  medical  men 
have  adopted  Els'asser’s  view,  that  the  softening  of  the  stomach  is  a post-mortem 
process.  It  is  only  in  very  rare  and  exceptional  instances  that  softening  and 
perforation  of  the  stomach  set  in  before  death.  See  W.  Mayer,  “ Gastromalacia 
ante  mortem,”  Dissert,  inaug.  Erlang:  Leipzig,  1871. 

t J.  Hunter,  “ On  the  Digestion  of  the  Stomach  after  Death,”  Phil.  Trans. : 
June  18,  1772  ; and  “ Observations  on  Certain  Purts  of  the  Animal  Economy  : ” 
London,  1786. 

X Cl.  Bernard,  “ Lemons  de  physiologic  expdrim.,”  etc.,  II.  p.  406 : Paris, 
1856. 

§ F.  W.  Pavy,  “ On  the  Gastric  Juice,”  etc.,  Guy’s  Hospital  Reports,  vol.  ii. 
p.265:  1856. 

||  F.  W.  Pavy,  “ On  the  Immunity  enjoyed  by  the  Stomach  from  being  digested 
by  its  own  Secretion  during  Life,”  Phil.  Trans.,  vol.  cliii.  part  i.  p.  161 : 1863  ; 
and  “ On  Gastric  Erosion,”  Guy’s  Hospital  Reports,  vol.  xiii.  p.  494  : 1868. 
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and  alkaline  lymph  through  the  tissues,  did  not  allow  the 
pepsin,  which  can  only  peptonize  in  acid  solution,  to  do 
its  work.  If  the  circulation  were  arrested,  self-digestion 
began.  Pavy  showed  that,  after  tying  the  blood-vessels  of 
the  stomach  in  dogs,  a part  of  the  mucous  membrane  was 
digested ; in  rabbits,  even  perforation  of  the  stomach  set  in. 
He  opened  a dog’s  stomach,  and  ligatured  a portion  of  the 
opposite  wall  so  that  the  piece  that  was  tied  hung  into  the 
stomach,  and  the  piece  was  digested  as  if  it  had  been 
swallowed.  Pavy  concludes  from  these  experiments  that  the 
alkalies  in  the  blood  prevented  self-digestion ; and  this  inter- 
pretation has  been  commonly  accepted.  But  the  conclusion  is 
not  correct.  The  alkalies  are  not  the  only  things  carried  to 
the  epithelial  cells  by  the  blood.  The  blood  brings  to  the 
glandular  cells  everything  which  is  necessary  to  fulfil  their 
functions.  If  the  supply  of  blood  be  cut  off,  those  vital 
functions  which  resist  the  action  of  the  pepsin  ferment  must 
also  cease.  Why  does  not  the  pancreas  digest  itself,  as 
pancreatic  ferment  is  effective  in  a neutral  and  alkaline 
solution  ? 

Here  we  are  face  to  face  with  an  unsolved  problem.  But 
it  is  not  a new  one ; as  the  epithelial  cells  of  the  gastric 
glands  liberate  free  hydrochloric  acid,  and  still  remain  alka- 
line, so  the  epithelial  cells  of  the  pancreatic  gland  secrete 
the  ferment,  and  themselves  remain  free  from  ferment.  We 
see  the  same  thing  going  on  in  every  vegetable  cell.  The 
fluid  which  surrounds  the  protoplasm  of  the  cell  is  acid,  the 
cell  itself,  like  all  contractile  protoplasm,  is  alkaline.  The 
liquid  round  the  protoplasm  is  frequently  brilliantly  coloured, 
while  the  cell  itself,  which  produces  the  colouring  matter,  is 
colourless.  But  as  soon  as  life  ceases,  as  soon  as  the  vital 
phenomena,  the  visible  amoeboid  movements,  stop,  the  incom- 
prehensible power  of  selecting  substances  likewise  disappears; 
the  laws  of  diffusion  are  in  no  way  interfered  with,  and  the 
protoplasm  becomes  tinged  with  colouring  matter.  This  in- 
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explicable  power  of  separating  and  distributing  the  substances 
according  to  the  object  in  view  is  possessed  by  every  cell  in 
our  bodies  (compare  p.  164,  and  Lecture  XVII.). 

Pavy  relies  upon  the  fact,  that  self-digestion  occurred  after 
the  introduction  of  large  quantities  of  acid  into  the  stomach, 
even  when  the  circulation  was  not  disturbed,  to  prove  his 
view  that  circulating  blood  prevents  self-digestion  only  by 
its  alkalinity.  In  this  case,  Pavy  considers,  the  alkalies  do 
not  suffice  to  prevent  the  action  of  the  acids.  He  injected 
3 ozs.  (=  93  grms.)  of  dilute  hydrochloric  acid,  which  con- 
tained 3 drms.  (=  12  grms.)  HC1,  into  the  stomach  of  a dog, 
and  at  the  same  time  tied  the  pylorus  and  the  oesophagus, 
avoiding  the  vessels.  The  dog  died  in  an  hour  and  forty 
minutes,  and  the  post-mortem  which  was  immediately  made, 
showed  solution  of  the  gastric  mucous  membrane,  and  per- 
foration of  the  wall  of  the  stomach  at  the  cardiac  orifice. 
But  this  experiment  does  not  justify  any  conclusion.  The 
amount  of  hydrochloric  acid  injected  was  much  too  large. 
Pavy  might  have  destroyed  the  wall  of  the  stomach  equally 
well  with  potash. 

It  has  often  been  attempted  to  refer  the  origin  of  the 
round  gastric  ulcer  to  self-digestion.  But  the  danger  of  self- 
digestion is  by  no  means  so  great  as  was  formerly  believed. 
It  has  been  shown,  by  numerous  researches,  that  the  wall 
of  the  stomach  has  a decided  tendency  to  heal  rapidly  after 
wounds  of  the  most  varied  description.  This  is  conclusively 
proved  by  the  favourable  results  of  operations  on  the  stomach 
in  animals  and  human  beings.  The  most  plausible  hypo- 
thesis on  the  cause  of  the  gastric  ulcer  has  been  advanced  by 
Virchow,*  who  considers  that  some  kind  of  disturbance' 
in  the  circulation  is  at  the  root  of  the  disease.  And,  in 
fact,  Panum  f succeeded  in  producing  htemorrhagic  infarc- 
tions with  the  subsequent  formation  of  ulcers  in  dogs,  by 

* Virchow  in  his  Arcli.,  vol.  v.  p.  281 : 1853. 

t Panum,  Virchow’s  Arch.,  vol.  xxv. : 18G2. 
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embolic  plugging  of  the  smallest  arteries  of  the  gastric 
mucous  membrane.  These  results  are  quite  in  harmony 
with  Pavy’s  above-mentioned  experiments.  But  it  has  very 
rarely  been  found  that  thrombotic  or  embolic  plugging 
precedes  the  round  gastric  ulcer  in  human  beings.  It  has, 
therefore,  been  assumed  that  the  round  gastric  ulcer  was 
caused  by  abnormal  increase  of  acid  in  the  gastric  juice, 
or  in  the  contents  of  the  stomach.  But  this  supposition  is 
utterly  unsupported  by  fact.  It  is  also  to  be  noted  that  the 
gastric  ulcer  is  geuerally  situated  in  the  pylorus  and  in  the 
small  curvature,  very  seldom  in  the  fundus,  where  the  acidity 
is  greatest.  The  aetiology  of  the  Ulcus  ventriculi  is  still 
involved  in  obscurity. 

I must  not  omit  to  mention  that  one  of  the  functions  of 
the  stomach  consists  in  the  absorption  of  nutritive  substances. 
The  process  undoubtedly  commences  in  this  section  of  the 
digestive  tract.  But  we  do  not  yet  know  to  what  extent  each 
separate  kind  of  aliment  is  here  absorbed.  The  technical 
difficulties  to  be  encountered  in  experiments  on  this  subject 
have  hitherto  proved  almost  insuperable,  and  some  of  the 
results  are  contradictory.  For  information  on  the  present 
state  of  the  question,  I recommend  the  treatises  of  Tap- 
peiner,*  Anrep,t  and  Meade  Smith.  J 

* H.  Tappeiner,  “ Ueber  Resorption  im  Magen,”  Zeüsclir.  f.  Biolog.,  vol.  xvi. 
pp.  497-507 : 1880. 

f B.  von  Anrep,  “ Die  Aufsaugung  im  Magen  des  Hundes,”  Du  Bois’  Arch., 
pp.  504-514 : 1881. 

$ R.  Meade  Smith,  Du  Bois’  Arch.,  p.  481  : 1884  (Experiments  on  frogs). 
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THE  PROCESSES  OF  DIGESTION  IN  THE  INTESTINE — THE  PANCREATIC 

JUICE  AND  ITS  FERMENTATIVE  ACTION FERMENTS  IN  GENERAL 

THE  ACTION  OF  THE  PANCREATIC  JUICE  ON  THE  CARBOHY- 
DRATES, FATS,  AND  PROTEIDS THE  NATURE  AND  IMPORTANCE 

OF  PEPTONES. 

The  time  during  which  different  articles  of  diet  remain  in 
the  stomach  of  human  beings  varies  very  greatly.  It  does 
not  depend  only  on  the  quality  of  the  food ; it  also  increases 
with  the  quantity.  The  mechanical  condition,  the  degree 
to  which  it  has  been  masticated,  likewise  affects  it,  as  also 
the  intensity  of  the  preceding  hunger,  and  especially  the 
state  of  the  stomach  at  that  moment,  a state  which  depends 
on  many  physical  and  psychical  influences.  Numerous 
observations  on  people  with  gastric  fistulas  * have  shown 
that  the  food  remains  in  a healthy  stomach  from  three  to  ten 
hours.  In  disease  the  time  is  often  much  longer,  as  modern 
experience  has  discovered  by  means  of  the  stomach-pump. 
The  emptying  of  the  stomach  goes  on  very  gradually  in 
small  portions  at  a time.  Busch  t observed  this  in  a woman, 
who,  in  consequence  of  a wound  made  by  a bull’s  horns, 
had  an  artificial  anus  a little  below  the  duodenum,  from 

* W.  Beaumont,  “Experiments  and  Observations  on  the  Gastric  Juice,  and 
the  Physiology  of  Digestion,”  reprinted  from  the  Plattsburgh  edition,  by  Andrew 
Combe,  Edinburgh,  1838 ; 0.  von  Grünewaldt,  “ Succi  gastrici  humani  indoles 
physic,  et  chem.,”  etc.,  Dissert. : Dorpati,  1853 ; F.  Kretschy,  Deutsch.  Arch.  f. 
Hin.  Med-,  vol.  xviii.  p.  527:  1876;  Jul.  Utfclnmnn,  Arch.  f.  hlin.  Med.,  vol. 
xx.  p.  535  : 1877. 

+ W.  Busch,  Arch.  f.  path.  Anat.  u.  Physiol.,  vol.  xiv.  p.  140:  1858. 
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which  the  contents  of  the  stomach  oozed  out,  as  they  were 
unable  to  reach  the  other  opening  of  the  small  intestine. 
The  first  portions  of  food  appeared  in  the  fistulous  opening 
as  early  as  from  fifteen  to  thirty  minutes  after  being 
swallowed. 

Three  new  secretions,  all  of  which  yield  an  alkaline 
reaction,  act  immediately  upon  the  food  when  it  reaches 
the  intestine ; they  are  the  pancreatic  juice,  the  intestinal 
juice,  and  the  bile.  By  their  means,  the  chyme,  which  is 
the  name  given  to  the  acid  contents  of  the  stomach,  is 
gradually  neutralized,  and  usually  presents  an  alkaline 
reaction  in  the  lower  part  of  the  intestine. 

The  pancreas  is  the  digestive  gland  par  excellence.  Its 
secretion,  so  far  as  we  know,  has  no  other  action  than  a 
digestive  one;  it  effects  chemical  changes  in  all  classes  of 
food,  and  prepares  them  for  absorption.  The  proteids  are 
peptonized,  starch  is  split  up  into  soluble  carbohydrates,  the 
fats  into  glycerin  and  fatty  acids.  There  is  scarcely  any 
animal  which  does  not  possess  a secretion  with  an  action 
analogous  to  that  of  the  pancreatic  secretion.  The  inverte- 
brates have  neither  a peptic  digestion  nor  have  they  bile. 
But  a process  analogous  to  pancreatic  action  has  been  found, 
wherever  it  has  been  sought.*  It  can  even  be  recognized  in 
the  lowest  organisms,  the  bacteria : a fluid  containing 
bacteria  acts  on  the  three  main  classes  of  foods  just  like 
the  pancreatic  juice.  The  pancreatic  ferments  have  only 
been  found  absent  in  a few  intestinal  parasites. f This  is 


* Hoppe-Seyler,  “Ueber  die  Unterschiede  im  chemischen  Ban  und  der 
Verdauung  höherer  und  niederer  Thiere,”  Pfliiger’s  Arch.,  vol.  xiv.  p.  395  : 

1877.  Compare  also  the  numerous  and  comprehensive  works  on  this  subject  by 
F.  Plateau  in  the  years  1874-1877.  and  the  works  of  Fredericq  and  Krukeuberg 
of  the  same  time.  An  account  of  the  literature  on  the  digestion  of  the  lower 
animals  has  been  given  by  Krukenberg,  “ Vergleichend  physiologische  Vorträge,” 
II.  ; “ Grundzüge  einer  vergleichenden  Physiologie  der  Verdauung : ” Heidelberg, 
1882. 

f L.  Fredericq,  Bulletins  de  l’acad.  roy.  de  Belgique.,  ser.  2,  t.  xlvi.  No.  8 : 

1878. 
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perfectly  clear  for  teleological  reasons  : the  organisms  are 
always  floating  about  in  food  that  has  been  already  digested. 

Before  proceeding  to  consider  the  modes  of  action  of  the 
pancreatic  secretion  in  mammals  and  in  human  beings, 
together  with  the  chemical  changes  which  it  causes  in  the 
three  groups  of  food-suhstances  by  its  ferments,  we  will  first 
state  clearly  what  is  known  concerning  the  nature  and 
character  of  ferments. 

We  will  first  restrict  ourselves  to  facts  derived  from 
observation.  Probably  no  one  has  even  seen  ferments. 
What  can  be  seen  and  observed  is  merely  the  process  of 
which  the  hypothetical  ferment  is  the  exciting  cause.  This 
process  consists,  in  all  cases,  in  the  fact  that  a complex 
compound  splits  up  into  a more  simple  one,  while  kinetic 
energy  in  the  shape  of  heat  is  set  free.  Therefore,  in  all 
these  processes  potential  energy  is  converted  into  kinetic 
energy.  The  atoms  pass  from  an  unstable  into  a stable 
arrangement.  Stronger  affinities  are  hereby  satisfied.  To 
adopt  the  terminology  already  defined  (pp.  39-41),  the  ulti- 
mate cause  is  the  potential  energy  stored  up  in  the  complex 
molecule,  the  effect  is  kinetic  energy,  and  then  we  have  to 
seek  the  “ exciting  cause,”  the  “impetus,”  the  “liberating 
force.”  These  are  termed  ferments  in  some  cases,  but  not 
in  all.  What,  therefore,  have  the  liberating  forces  in  all 
these  various  processes  in  common,  and  what  distinguishes 
them  from  each  other  ? This  can  be  clearly  shown  by  a 
series  of  examples. 

Glyceryl  trinitrate,  so-called  nitro-glycerin,  splits  up  into 
carbonic  acid,  water,  nitrogen,  and  oxygen  : 

2 [C3H5  (0N02)3]  = 6C02  + 5H20  ■+  GN  + 0. 

A very  considerable  amount  of  heat  is  developed.  A highly 
unstable  atomic  arrangement  is  converted  into  a stable  one. 
The  oxygen,  which  has  a very  slight  affinity  for  nitrogen, 
but  a very  close  affinity  for  carbon  and  hydrogen,  was,  in 
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the  original  molecule,  combined  with  nitrogen,  but  in  the 
smaller  molecules,  resulting  from  the  decomposition,  is  united 
with  carbon  and  hydrogen.  The  impetus  is  given  by  me- 
chanical means,  such  as  a knock  or  a blow,  therefore  by 
motion,  or  by  heat,  such  as  a flame,  another  form  of  motion. 
Nitrogen  trichloride  splits  up  explosively  with  great  develop- 
ment of  light  and  heat  into  nitrogen  and  chlorine  : 

NC13  + NC13  = N2  + Cl2  + Cl2  + Cl*. 

Here  again  the  unstable  atomic  arrangement  is  converted 
into  a stable  one.  Stronger  affinities  are  satisfied.  For 
many  reasons,  we  are  compelled  to  adopt  the  conclusion  that 
the  elements,  in  an  uncombined  state,  do  not  consist  of  single 
isolated  atoms,  but  are  united  into  molecules.  The  affinity 
of  nitrogen  atoms  to  each  other,  and  of  chlorine  atoms  to 
each  other,  is  obviously  stronger  than  the  affinity  of  chlorine 
atoms  to  nitrogen  atoms.  The  impetus  to  the  rearrange- 
ment of  the  atoms  is  given  by  some  mechanical  means  or 
by  a rise  of  temperature.  Nitrogen  teriodide,  the  formation 
of  which  is  analogous  to  that  of  nitrogen  trichloride,  explodes 
even  more  rapidly,  if  acted  upon  by  certain  periodic  move- 
ments, wave-motions  of  a definite  rate  of  rapidity  and  length 
of  wave.  It  may  be  shown  that  it  does  not  explode  on  a 
deep,  but  that  it  does  so  on  a high-toned  plate  or  string. 
This  phenomenon  is  evidently  analogous  to  the  responsive 
vibrations  of  certain  elastic  bodies  when  struck  by  waves, 
which  proceed  from  another  sounding  body.  This  responsive 
vibration  is  known  to  occur  only  with  notes  of  a definite 
pitch.  So  that  we  may  also  imagine  that  if  the  vibrations 
which  act  upon  an  unstable  molecule  have  a definite  wave- 
length, the  atoms  of  this  molecule  are  thrown  into  corre- 
sponding vibration,  and  this  suffices  to  overcome  the  slight 
attraction  of  the  atoms  to  one  another,  and  thus  to  produce 
a conversion  into  more  stable  compounds. 

The  explosion  of  the  nitrogen  trichloride  can  also  be 
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brought  about  by  contact  with  various  substances,  such 
as  phosphorus,  phosphorus  compounds  free  from  oxygen, 
selenium,  arsenic,  some  resins  (other  kinds  being  inert), 
non-volatile  oils,  etc.  Here  too  we  might  imagine  that,  from 
the  various  molecular  vibrations  of  these  substances  (which 
we  call  heat),  we  get  a certain  resultant  vibration  which 
coincides  in  wave-length  with  that  of  one  of  the  constituents 
of  the  nitrogen  trichloride  molecule,  and  so  occasions  its 
decomposition. 

Chlorate  of  potash  splits  up  into  chloride  of  potash  and 
oxygen.  The  dissociation  is  set  up  by  the  application  of 
heat.  But  the  rise  of  temperature  need  not  be  nearly  so 
high  when  certain  substances  are  present,  such  as  binoxide 
of  manganese,  ferric  oxide,  or  oxide  of  copper.  The  presence 
of  these  substances  probably  so  modifies  the  heat-waves,  that 
the  atoms  of  the  chlorate  of  potash  are  more  easily  thrown 
into  responsive  vibrations,  and  thus  decomposed. 

Peroxide  of  hydrogen  decomposes  on  contact  with  platinum, 
gold,  silver,  binoxide  of  manganese,  etc.  In  these  cases  it 
is  called  an  effect  of  contact,  or  a catalytic  effect.  We  can 
form  the  following  hypothesis  of  the  process  which  goes  on 
here,  as  in  the  cases  above  cited : the  substance  which  acts 
“ catalytically  ” exercises  an  attraction  on  one  of  the  atoms 
in  the  unstable  molecule.  It  does  not  unite  with  the  atom, 
but  the  unstable  arrangement  of  the  atoms  in  the  molecule 
is  altered  to  a stable  one. 

Grape-sugar  splits  up  into  alcohol  and  carbonic  acid : 
CgH1206  = 2C02  4-  2C2H60. 

When  this  takes  place,  a direct  rise  of  temperature  can  be 
proved.  This  is  in  accordance  with  the  fact,  that  the  heat 
of  combustion  of  alcohol  is  less  than  that  of  the  grape-sugar 
from  which  the  alcohol  arose.  Thus  a part  of  the  potential 
energy  stored  up  in  the  sugar  is  converted,  through  decom- 
position, into  kinetic  energy,  into  heat.  The  atoms  of  the 
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sugar  have  passed  from  an  unstable  into  a stable  arrange- 
ment. Stronger  affinities  have  been  satisfied.  The  nature 
of  the  liberating  force  is  in  this  case  still  unknown.  It  is 
known,  however,  that  the  conversion  only  takes  place  if  two 
conditions  are  fulfilled  : they  are,  first,  the  presence  of  living 
yeast-cells ; and,  secondly,  a certain  temperature — from  10° 
to  40°  C.  Judging  from  analogy  of  the  examples  already 
given,  we  should  suppose  that  here  again  a form  of  motion 
starts  the  decomposition.  The  motion  might  proceed  from 
the  vital  functions  of  the  cell.  But  it  is  likewise  conceivable 
that  certain  substances  occur  in  the  cell,  and  that  these  sub- 
stances act  in  a similar  manner  to  the  catalytic  bodies  in 
the  examples  adduced  above.  The  yeast-cells  are  called  “ a 
ferment.” 

Cane-sugar  splits  up  into  equal  quantities  of  dextrose 
and  laevulose.  Here  again  there  is  a development  of  heat,* 
and  again  the  yeast  plays  a part.  But  in  this  case  it  is  not 
requisite  that,  the  cell  should  be  living;  an  aqueous  extract 
from  the  yeast-cells,  killed  with  ether,  is  all  that  is  necessary. 
We  may  assume  that  the  atoms  composing  any  of  the  mole- 
cules in  this  extract  are  in  a state  of  oscillation,  or  that 
different  molecules  oscillate  against  each  other,  and  that 
the  resultant  of  these  motions  causes  the  dissociation  of  the 
molecules  of  cane-sugar.  A theory  has  been  advanced,  but 
not  yet  verified,  that  the  presence  of  one  particular  chemical 
individual  in  the  yeast-extract  is  essential  for  the  initiation  of 
decomposition.  This  ferment  has  been  termed  invertin.t 
An  account  of  the  attempts  which  have  been  made  to  isolate 
the  ferments  will  be  given  later. 

Starch  flour  decomposes  on  boiling  with  dilute  acid,  into 
molecules  of  grape-sugar.  In  this  reaction  the  direct  proof 
that  heat  is  produced  cannot  be  given.  But  we  must  assume 

* A.  Kunkel,  Piliiger’s  Arch.,  vol.  xx.  p.  509  : 1879. 

t Eduard  Donath,  Berichte  der  deutschen  chem.  Ges.,  vol.  viii.  p.  795  : 1875  ; 
vol.  xi.  p.  1089  : 1878  ; M.  Barth,  ibid.,  vol.  ii.  p.  471  : 187S. 
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that  this  is  the  case,  because  the  heat  of  combustion  of  the 
grape-sugar  is  less  than  that  of  starch.  The  impetus  to 
the  change  may  be  a special  modification  of  the  increased 
molecular  movement,  due  to  the  heat,  in  presence  of  the 
acid ; or  we  must  suppose  that  the  acid  attracts  the  sugar 
molecules  contained  in  the  starch  molecule,  and  possibly 
forms  a temporary  compound  which  again  rapidly  breaks 
up  with  absorption  of  water.  The  conversion  of  starch  into 
sugar  is  always  accompanied  by  hydration,  which  is  the  case 
in  the  decomposition  of  cane-sugar,  and  probably  in  all 
similiar  decompositions.  I shall  return  to  this  point  again. 

Starch  flour  also  decomposes  at  a moderate  temperature 
into  maltose  and  dextrin,  if  it  comes  in  contact  with  certain 
substances,  which  are  contained  in  germinating  barley,  or 
in  saliva,  and  in  pancreatic  juice.  But  in  this  case  the 
term  ferments  is  used  as  indicating  chemical  individuals. 
But  these  hypothetical  substances  are  perhaps  merely  the 
conditions  necessary  to  start  a definite  form  of  motion,  which 
acts  as  the  impetus  in  the  decomposition  of  the  starch-mole- 
cule. A development  of  heat  cannot  be  proved  when  starch 
is  broken  up  by  ferments.  Maly*  even  observed  an  absorp- 
tion of  heat.  This  is  explicable  in  the  following  way  : starch 
flour  is  insoluble,  whereas  the  products  of  decomposition  are 
soluble,  in  water.  Heat  must  be  used  up  in  their  solution, 
as  is  always  the  case  in  the  transit  from  the  solid  to  the  fluid 
state.  The  amount  of  heat  thus  fixed  is  greater  than  that 
liberated  by  decomposition.  That  heat  is  set  free  when 
decomposition  takes  place  follows  of  necessity  from  the  fact 
that  the  heat  of  combustion  of  the  maltose  and  dextrin  is  less 
than  that  of  an  equivalent  amount  of  starch  flour. 

Hoppe- Seyler  f and  his  pupils  J have  shown  that  formate 
of  lime,  by  the  action  of  certain  bacteria,  is  split  up  into 

* Maly,  Pfliiger’s  Arch.,  vol.  xxii.  p.  Ill  : 1880. 

t Hoppe-Seyler,  PflUger’s  Arch.,  vol.  xii.  p.  1 : 187G. 

X Leo  Popoff,  Pfliiger’s  Arch.,  vol.  x.  p.  113  : 1875. 
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carbonate  of  lime,  carbonic  acid,  and  hydrogen,  with 
absorption  of  water : 

^-H  /OH 

C=0  0 = 0 

^0  "-0 

^Ca  + 2HOH  = ^>Ca  + 2Ha  = CaC03  + C02  + H20  + 2H2. 
/O 

C = 0 0 = 0 

"^H  \0H 


Heat  is  developed  in  this  process.  If  the  bacteria  be  killed 
by  ether,  the  decomposition  continues.  This  ferment,  there- 
fore, behaves  like  invertin.  Sainte-Claire  Deville  and  Debray* 
have  made  the  important  discovery,  that  the  same  decom- 
position of  formic  acid  into  carbonic  acid  and  hydrogen  can 
be  also  brought  about  by  finely  divided  iridium,  rhodium, 
or  ruthenium,  obtained  in  a moist  condition  by  reduction. 
Platinum  or  palladium  produced  in  the  same  way  had  no 
action. 

We  thus  see  that  a living  cell,  an  organic  substance,  and 
a metal,  all  produce  the  same  effect. 

The  decomposition  of  acetic  acid  into  carbonic  acid  and 
marsh-gas  is  completely  analogous  to  the  decomposition  of 
formic  acid,  and  occurs  under  the  same  conditions  : 


/CH3 

o=o 

/O'" 

c=o 

"--CH, 


. Ca  + 2H0H  = 


/OH 
0 = 0 

-■ O 


O' 
0=0 


Ca  + 2CH,  = CaC03  + C02  + H20  + 2CH<. 


OH 


Heat  must  again  be  set  free  in  this  process,  for  the  heat  of 
combustion  of  the  marsh -gas  is  less  than  that  of  an  equivalent 
amount  of  acetic  acid. 

From  all  these  examples,  it  may  be  seen  that  we  know 
nothing  further  concerning  the  ferments  than  we  do  about 
the  “ catalytic  ” substances.  Their  presence  is  absolutely 
essential  to  bring  about  that  form  of  motion  which  gives  the 


* H.  Sainte-Claire  Deville  et  H.  Debray,  Compt.  rend.,  t.  lxxviii.  p.  1782 : 
1874. 
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impetus  to  the  transition  from  an  unstable  arrangement  of 
atoms  into  a more  stable  one.  We  speak  of  a catalytic  effect, 
when  the  substance  to  which  this  effect  is  ascribed  happens 
to  be  a well-known  inorganic  compound  or  an  element.  If, 
on  the  other  hand,  they  are  unknown  organic  substances,  we 
speak  of  a fermentative  action.  There  is  at  present  no  reason 
for  assuming  that  there  is  any  essential  difference  between 
the  mode  of  action  of  organized  ferments — living  unicellular 
organisms — and  non-organized,  “unformed”  ferments.  We 
may  suppose  that  the  process  of  fermentation  is  the  same 
in  both  cases  ; but  we  know  as  little  concerning  the  action 
of  the  unformed  ferments  as  we  do  concerning  the  organized 
ferments. 

The  decomposition  effected  by  the  organized  ferments 
appears  to  take  place  in  the  substance  of  the  living  cell,  and 
the  energy  liberated  by  the  decomposition  is  utilized  for 
the  vital  processes  of  the  cell.  In  favour  of  this  view  can 
be  adduced  the  fact  that,  in  the  case  of  alcoholic  fermenta- 
tion, the  amount  of  sugar  decomposed  in  the  unit  of  time 
is  inversely  proportional  to  the  supply  of  oxygen.  With  a 
free  supply  of  oxygen,  there  are  two  sources  for  the  production 
of  the  kinetic  energy  required  for  the  vital  functions  ; decom- 
position and  oxidation.  When  oxygen  is  withdrawn,  one 
source  is  closed,  and  the  other  utilized  the  more.*  This 
fact  is  of  far-reaching  importance  for  the  comprehension  of 
the  vital  processes  in  the  higher  animals. f 

In  all  fermentations  the  decomposition  is  always  accom- 
panied by  hydration,  in  consequence  of  which  these  processes 

* Brefeld,  “ Landw.  Jahrb.  v.  Nathusius  u.  Thiel,”  heft  i. : 1871 ; Verhandl. 
d.  Würzburger  phy  s.  med.  Gesellsch.  N.F,,\  ol.  viii.  p.  96:  1871;  Pasteur,  “Etudes 
sur  la  biere,”  chap.  vi.  p.  229  : Paris,  1876 ; Hoppe-Seyler,  “ Uebor  die  Einwirkung 
de«  Sauerstoffes  auf  Gährungeu:”  Festschrift,  Strassburg,  1881;  Noncki,  Arch. 
/.  exp.  Path.  u.  Pharm,.,  vol.  xxi.  p.  299  : 1886. 

t The  fact  observed  by  A.  Frankel  (Virchow’s  Arch.,  vol.  lxvii.  p.  283  : 1876), 
that  the  decomposition  of  albumeu  goes  on  twice  as  fast  in  dogs  when  their 
supply  of  oxygen  is  diminished,  is  perhaps  of  a similar  nature.  Compare  also 
Herrn.  Oppenueim,  PMger’s  Arch.,  vol.  xxiii.  p.  190  : 1880. 
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can  only  take  place  in  presence  of  water.  The  exceptions  to 
this  rule  are  only  apparent.  Thus  in  alcoholic  fermentation, 
grape-sugar  (C6H1206)  is  decomposed  into  2C2HG0  and  2CCL, 
apparently,  therefore,  without  taking  up  any  water.  But 
we  must  not  forget  that  carbonic  acid  in  watery  solution  must, 
like  all  other  dibasic  acids,  contain  two  HO  radicals : 

/OH 

C = 0 = C02  + H20. 

^OH 

Butyric  acid  fermentation  (C6Hl206  = C4Hs02  + 2C02  + 2H2), 
and  lactic  acid  fermentation  (C6H1206  = 2C3HS03)  also  appear 
to  form  exceptions.  From  analogy  with  other  processes 
of  fermentation,  we  must  suppose  that  these  processes  are 
also  accompanied  by  hydration.  We  must  refer  the  reader 
to  the  papers  of  Hoppe-Seyler  * and  Nencki,f  for  further 
information  on  this  subject. 

Many  attempts  have  been  made  to  isolate  the  unorganized 
ferments.  It  is,  in  fact,  possible  to  obtain  precipitates  from 
solutions  containing  ferments  which  still  retain  the  character- 
istic fermentative  properties.  But  we  have  no  guarantee  that 
these  precipitates,  which  are  always  amorphous,  are  chemical 
entities.  In  the  cases  in  which  they  have  been  analyzed,  the 
composition  has  been  found  closely  similar  to  that  of  proteids 
and  peptones.  But  we  cannot  ascertain  whether  the  ferment 
may  not  form  a fraction  of  the  material  analyzed,  so  small 
as  not  to  influence  the  result  of  the  analysis. 

All  ferments  are  soluble  in  water ; all  may  be  precipitated 
from  their  aqueous  solutions  by  alcohol,  and  are  again  dis- 
solved by  water  after  their  precipitation.  Most  of  them  are 
also  soluble  in  glycerin,  and  may  be  precipitated  from  this 
solution  by  alcohol.:}:  All  the  previous  attempts  at  isolation 

mainly  depend  on  these  properties,  which  are,  however, 

* Hoppe-Seyler,  Pflüger’ s Arch.,  vol.  xii.  p.  H : 1876. 

t Nenclri,  Journ.f.  pralct.  Chem.,  vol.  xvii.  p.  105  : 1870. 

X Von  Wittich,  Pfliiger’s  Arch.,  vol.  ii.  p.  193 : 1869 ; and  vol.  iii.  p.  339 : 1870. 
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common  to  a large  number  of  other  constituents  of  the 
tissues ; so  that  other  means  must  be  found  to  effect  a 
further  separation.  Certain  ferments — such,  for  instance, 
as  pepsin — do  not  diffuse  through  animal  membranes,*  and 
all  have  a great  tendency  to  be  carried  down  by  neutral 
precipitates.!  These  properties  have  also  been  utilized  for 
the  purpose  of  isolating  ferments.  It  would  lead  us  too  far 
to  give  details  concerning  all  these  procedures.  I must  refer 
you  to  the  observations  of  Brücke,!  Danilewsky,§  Cohnheim,|| 
Aug.  Schmidt, If  Hüfner,**  Maly,tt  Kühne, Ü Barth, §§  and 
0.  Löw. IUI 

Every  ferment  develops  the  maximum  of  its  activity  at 
a definite  temperature.  This  temperature  must  be  different 
in  the  case  of  the  digestive  ferments  of  cold  and  warm 
blooded  animals ; we  should  expect  this  on  teleological 
grounds,  and  it  is  confirmed  by  direct  observation.  By 
treating  the  gastric  mucous  membrane  of  a mammal,  re- 
cently killed,  with  dilute  HC1  (from  2 to  3 per  1000),  a 
so-called  artificial  gastric  juice  is  obtained  which  rapidly  pep- 
tonizes all  varieties  of  proteid.  At  an  ordinary  temperature 
this  action  is  mostly  very  slight,  and  it  ceases  entirely  at 

* Krasilnikow,  “Medicinisky  Wjestuik  : ” 1864.  Diakonow  gives  a short 
notice  of  this  work  in  Hoppe-Seyler’s  Med.  Ghem.  Unters .,  p.  241.  See  also  A. 
Schötfer,  Centralb.  /.  d.  med.  Wissenscli.,  p.  641 : 1866 ; von  Wittich,  Pfliiger’s 
Arch.,  vol.  v.  p.  443  : 1872;  Olof  Hammarsten,  “ Om  pepsinets  indiffusibilitet,” 
Upsala  ldkareförennings  förhandlingar,  vol.  viii.  p.  565  : 1873. 

f Brücke,  Sifzungsber.  d.  Wiener  Akad.,  vol.  xliii.  p.  601 : 1861.  A.  v.  Heltzl, 
“Beiträge  zur  Lehre  vom  Verdauungsfermente  des  Magensaftes  : ” Dorpat,  1864. 

t Brücke,  Sitzungsber  d.  Wiener  Akad.,  vol.  xxxvii.  p.  131  : 1859 ; and  vol. 
xliii.  p.  601 : 1861. 

§ Danilewsky,  Virchow’s  Arch.,  vol.  xxv.  p.  279  : 1862. 

||  J.  Cohnheim,  Virchow’s  Arch.,  vol.  xxviii.  p.  241 : 1863. 

IT  Aug.  Schmidt,  “Ueber  Emulsin  und  Legumin,”  Dissert.  : Tübingen,  1871. 

**  Hüfner,  Journ.f.  prakt.  Ghem.,  vol.  v.  p.  372  : 1872. 

tt  Maly,  Pflüger’s  Arch.,  vol.  ix.  p.  592 : 1874. 

tt  Kühne,  Verhandlungen  des  naturhist.  med.  Vereins  zu  Heidelberg,  vol.  i.  : 
1876;  and  vol.  iii.  p.  463:  1886. 

§§  Barth,  “Zur  Kenntniss  des  Invertins,”  Der.  der  deutseh.  ehern.  Ges.,  vol 
xi.  p.  474  : 1878. 

IUI  Löw,  Pflüger’s  Arch.,  vol.  xxvii.  p.  203  : 1882. 
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about  10°  C.  At  a temperature  of  0°  C.,  not  the  least  trace 
of  digestion  goes  on.  But  Fick  and  Murisier*  found  that 
the  artificial  gastric  juice,  prepared  from  the  stomach  of  the 
frog,  the  pike,  and  the  trout,  constantly  exerted  a peptonizing 
influence  even  at  0°.  Hoppe-Seyler  | confirmed  these  results. 
He  found  that  artificial  gastric  juice  of  the  pike  digested  fibrin 
more  rapidly  at  15°  C.  than  at  40°,  most  rapidly  at  about  20°. 
A little  above  0°  the  action  was  slower  than  at  15°,  but  still 
very  marked.  Fick  and  Hoppe-Seyler  conclude,  from  these 
observations,  that  the  gastric  juice  of  warm-blooded  animals 
contains  a different  ferment  from  that  of  cold-blooded.  But 
to  me  this  conclusion  does  not  appear  at  all  justified.  The 
same  ferment  may  behave  differently  in  presence  of  other 
substances ; and,  besides,  we  need  not,  as  I have  already 
insisted,  consider  the  ferments  as  chemical  entities.  Possibly 
the  interaction  of  several  substances  is  necessary  to  bring 
about  the  particular  form  of  motion  which  constitutes  the 
impetus  to  the  breaking-up  of  the  complicated  molecules. 

Like  pepsin  obtained  from  different  sources,  we  find  that 
the  so-called  diastatic  ferments,  which  decompose  starch, 
develop  their  maximum  effects  at  temperatures  which  vary 
according  to  the  source  these  ferments  are  derived  from. 
The  diastatic  ferments  of  the  pancreas  and  saliva  act  most 
quickly  at  from  37°  to  40°  C.;  that  of  germinating  barley  at 
from  54°  to  63°  C.J 

When  aqueous  solutions  containing  ferments  are  heated 
to  more  than  70°  C.,  the  unorganized  as  well  as  the  organized 
ferments  are  destroyed.  The  solutions  are  found  to  be  in- 
operative, both  at  this  temperature  and  also  when  they  are 
again  cooled  down.  On  the  other  hand,  when  in  a dry  state, 
the  ferments  may  be  exposed  to  a very  high  temperature  with- 

* Murisier,  Verhandlungen  der  phys.  med.  Gesellschaft  zu  Würzburg,  vol.  iv. 
p.  120  : 1873. 

t Hoppe-Seyler,  Pfliiger’s  Arch.,  vol.  xiv.  p.  395  : 1877. 

t J.  Kjeldahl.  “ Meddelser  fra  Carlsberg  Laboratoriet  Kjöbenbavn : 1879 ; 
Maly’s  Jahresbericht  für  Thierchemie,  p.  382 : 1879. 
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out  losing  their  power.  Hüfner  * heated  his  dried  pancreatic 
ferment  to  100°  C.  without  causing  it  to  become  ineffectual. 
Alex.  Schmidt  f and  Salkowski  showed  that  this  was  also 
the  case  with  pepsin.  Salkowski  £ heated  pepsin  to  150°  C., 
and  pancreatic  ferment  and  invertin  to  160°  C.  for  many 
hours,  and  showed  that  they  were  still  active  on  cooling 
and  when  mixed  with  water.  It  was  thought  that  this  would 
serve  as  a means  of  distinguishing  the  unorganized  from  the 
organized  ferments.  But  more  recent  investigations  have 
shown  that  the  spores  of  certain  bacteria  can  stand  a tem- 
perature of  from  110°  to  140°  C.  without  losing  life  or  power 
of  development^ 

The  power  of  resisting  absolute  alcohol  has  also  been 
regarded  as  characteristic  of  unformed  ferments,  and  as  dis- 
tinguishing them  from  formed  ferments.  But  the  spores  of 
certain  bacteria  possess  even  this  power.  Koch  ||  showed,  for 
instance,  that  the  bacteria  of  splenic  fever  could  be  kept  for  110 
days  in  absolute  alcohol  without  being  killed.  On  the  other 
hand,  all  the  spores  appear  to  die  when  subjected  for  a long 
period,  say  thirty  days,  to  ether,  which  has  been  found  to 
have  no  effect  on  the  unorganized  ferments.  Prussic  acid, 
chloroform,  benzol,  thymol,  and  oil  of  turpentine  are  all 
supposed  to  act  like  ether  in  killing  the  organized,  and 
in  having  no  effect  upon  the  unorganized,  ferments. 

After  these  preliminary  remarks  on  ferments  in  general, 
we  will  now  return  to  the  pancreatic  juice  and  its  fermenta- 
tive actions.  I have  already  mentioned  that  the  pancreatic 
juice  acts  upon  all  three  of  the  main  groups  of  food-sub- 

* Hüfner,  Journ.f.  pralct.  Chem.,  vol.  v.  p.  372  : 1872. 

t Alex.  Schmidt,  Gentralb.  f.  d.  med.  Wissensch.,  No.  29  : 1876. 

+ Salkowski,  Virchow’s  Arch.,  vol.  lxx.  p.  158  : 1877;  and  vol.  lxxxi.  p.  552  : 

1880.  Compare  also  Hüppe,  Mittheil.  d.  Kaiserl.  Gesundheitsamtes,  vol.  i.  • 

1881. 

§ R.  Koch,  und  Wolflfhügel,  Mittheil.  d.  Kaiserl.  Gesundheitsamtes,  vol.  i. : 
Berlin,  1881 ; Max.  Wolff,  Virchow’s  Arch.,  vol.  cii.  p.  81 : 1885. 

||  R.  Koch,  “ Ueber  Disinfection,”  Mittheil.  d.  Kaiserl.  Gesundheitsamtes, 
vol.  i. : 1881. 
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stances.  To  explain  these  three  actions,  it  has  been  assumed 
that  there  are  three  different  ferments,  although  there  is 
no  valid  ground  for  such  an  assumption.  Hüfner,51*  in  his 
numerous  attempts  to  isolate  the  pancreatic  ferment,  always 
obtained  preparations  which  had  the  threefold  fermentative 
action. 

With  regard  to  the  action  on  carbohydrates,  the  conver- 
sion of  the  insoluble  starch  flour  has  been  more  particularly 
studied.  The  process  of  starch-digestion  is  by  no  means  as 
simple  as  it  was  formerly  imagined.  Till  quite  recently,  it 
was  considered  that  starch  flour  was  altered  by  the  digestive 
ferments  of  the  saliva  and  of  the  pancreatic  juice,  and  by  the 
ferment  of  the  germinating  barley,  or  diastase,  in  the  same 
way  as  on  boiling  with  dilute  sulphuric  acid,  when,  as  is  well 
known,  starch  flour  is,  by  a process  of  hydration,  completely 
converted  into  grape-sugar  (dextrose),  whilst  dextrin  only 
occurs  as  an  intermediate  stage. 

But  more  recent  research  has  shown  f that  the  amount 

* Hüfner,  Journ.  f.  prakt.  Chem.,  vol.  v.  p.  372  : 1872.  For  the  experiments 
to  isolate  three  different  ferments,  see  Danilewsky,  Virchow’s  Arch.,  vol.  xxv. 
p.  279:  1862;  Lossnitzer,  “Einige  Versuche  über  die  Verdauung  der  Eiweiss- 
körper,” Dissert. : Leipzig,  1864  ; Victor  Paschutin,  Du  Bois’  Arch.,  p.  382  : 1S73 ; 
Kühne,  Verhandl.  d.  naturhist.  med.  Ver,  zu  Heidelb.  N.  F.,  vol.  i. : 1876.  Heiden- 
hain and  his  pupil  Podolinski  come  to  the  conclusion  that  the  ferment  which  dis- 
solves proteid  does  not  originate  in  the  pancreatic  gland,  but  is  derived  from 
a substance  formed  in  the  gland  during  secretion  (Pflüger’s  Arch.,  vol.  x.  p. 
557;  1875;  and  vol.  xiii.  p.  422  : 1876).  Compare  also  Giov.  Weiss,  Virchow’s 
Arch.,  vol.  lxviii.  p.  413  : 1876. 

t Musculus,  Corapt.  rend.,  t.  1.  p.  785 : 1860 ; or  Ann.  chim.  et  phys.,  ser.  iii. 
t.  lx.  p.  203:  1860;  Comp,  rend.,  t.  lxviii.  p.  1267:  1869;  t.  lxx.  p.  857:  1870; 
t.  lxxviii.  2,  p.  1413:  1874;  Ann.  chim.  et  phys.,  ser.  v.  t.  ii.  p.  385:  1874; 
Payen,  Ann.  chim.  et  phys.,  ser.  iv.  t.  iv.  p.  286 : 1865 ; L.  Coutaret,  Compt. 
rend.,  t.  lxx.  p.  382 : 1870 ; Aug.  Schwarzer,  Journ.  f.  prakt.  Chem.  N.  F.,  vol.  i. 
p.  212 : 1870 ; E.  Schulze  u.  Märker,  Dingler’s  Polytechnisches  Journ.,  vol.  ccvi. 
p.  245:  1872;  Brücke,  Sitzungsberichte  d.  Wiener  Akad.,  vol.  lxv.  part  iii.  p. 
126;  1872;  C.  O’Sullivan,  Journ.  of  Chem.  Soc.,  ser.  ii.  vol.  x.  p.  579:  1872;  E. 
Schulze,  Ber.  d.  deutsch,  chem.  Ges.,  vol.  vii.  p.  1048:  1S74;  Nägeli,  “Beiträge 
zur  Kenntniss  der  Stärkegruppe:”  Leipzig,  1874;  O.  Nasse,  Pflüger’s  Arch.,  vol. 
xiv.  p.  473 : 1877.  Musculus  und  v.  Mering,  Zeitschr.  f.  physiol.  Chem.,  vol.  i. 
p.  395 : 1878 ; and  vol.  ii.  p.  403 : 1S78 ; Musculus  und  G.  Gruber,  Zeitschr.  f. 
physiol.  Chem.,  vol.  ii.  p.  177 : 1878.  Compare  also  the  review  of  works  by  v. 
Mering,  Du  Bois’  Arch.,  pp.  389-395 : 1877. 
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of  sugar  produced  forms  but  lialf  of  the  entire  weight  of  the 
starch,  and  that  this  sugar  is  not  grape-sugar,  hut  maltose. 
(Ci,H22Ou  + H20).  The  remainder  is  dextrin,  and  this 
dextrin  cannot  be  converted  into  sugar  by  further  action  of 
the  ferments.  It  has  also  been  discovered  that  there  are 
two  varieties  of  dextrin,  of  which  one  is  coloured  red  by 
iodine,  while  the  other  remains  colourless.  It  has  been 
further  ascertained  that  a certain  carbohydrate,  so-called 
soluble  starch,  which  also  gives  a blue  colour  with  iodine, 
occurs  as  an  intermediate  product  between  ordinary  starch 
and  the  dextrins.  Finally,  it  has  been  found  that  even  the 
original  starch  flour  is  not  a chemical  entity,  but  that  the 
concentric  layers  of  the  starch  granule  are  composed  of 
various  carbohydrates  in  different  proportions. 

The  final  products  of  the  decomposition  of  starch  are,  at 
any  rate,  different  in  the  living  organism  to  those  produced 
by  artificial  digestion  outside  the  body ; the  starch  appears 
to  be  completely  converted  into  grape-sugar.  Even  in  long- 
continued  artificial  pancreatic  digestion  of  starch,  grape- 
sugar  (dextrose)  always  occurs  together  with  maltose.* 
Maltose  and  dextrin  cannot  be  found  in  the  blood  and  in  the 
tissues,f  and  in  the  case  of  diabetic  patients,  who  are  unable 
to  destroy  the  carbohydrates,  grape-sugar  alone  appears  in 
the  urine  after  starch  has  been  eaten. 

We  know  as  little  concerning  the  changes  that  cellulose 
undergoes  in  the  intestine  as  we  do  concerning  the  fate  of 
dextrin.  Outside  the  body,  cellulose  is  neither  altered  by  the 
pancreatic  juice  nor  by  any  other  digestive  secretion.  But, 

* Mnsculus  and  v.  Muring,  Zeitschr.  f.  physiol.  Cham,.,  vol.  ii.  p.  403 : 1879 ; 
Horace  T.  Brown  and  John  Horon,  Liebig’s  Annal.,  pp.  204,  228:  1880. 

f Intimation  of  the  occurrence  of  colloid  carbohydrates  in  the  blood  of  the 
portal  vein  may  be  found  in  v.  Moring’s  paper,  Du  Bois’  Aroli.,  p.  413 : 1877  ; 
and  in  another  by  A.  M.  Bleile,  Du  Bois’  Arch.,  p.  70 : 1879.  But  only  very 
small  quantities  are  concerned,  and  perhaps  even  these  only  occur  occasionally. 
Bleile’s  experiments  prove  that  the  chief  part  of  the  dextrin  is  converted  into 
sugar,  as  he  observed  that,  after  an  exclusive  diet  of  dextrin,  the  amouut  of  sugar 
in  the  portal  blood  increases. 
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as  a fact,  a large  portion,  as  we  have  already  seen  (p.  81), 
disappears  in  the  intestine.  I imagine  that  it  is  a fermenta- 
tive action  which  enables  the  epithelial  cells  of  the  intestine 
to  dissolve  the  cellulose,  and  perhaps  also  to  convert  the 
dextrin  into  sugar.  This  power  has  frequently  been  observed 
in  unicellular  bodies.  I may  refer  to  the  behaviour  of  the 
Vampyrella,  which  has  already  been  described  (p.  4),  and 
which  dissolves  the  wall  of  cellulose  of  the  algse-cells.  A few 
authors  have  adopted  the  view  that  the  cellulose  is  not  made 
use  of  in  our  body  at  all  as  food,  but  is  split  up  by  parasitic 
bacteria  in  our  intestines,  into  carbonic  acid  and  marsh  gas. 
That  such  a decomposition  of  cellulose  by  bacteria  does  take 
place,  has  been  incontestably  proved  by  Hoppe-Seyler’s 
experiments,*  which  render  it  probable  that  it  also  occurs  in 
the  digestive  canal. f But  it  is  doubtful  whether  all  the 
cellulose  that  disappears  in  the  digestive  canal  is  split  up  in 
this  manner.! 

The  pancreatic  juice  exercises  a fermentative  action  on 
fats  similar  to  that  on  carbohydrates;  decomposition  takes 
place  with  hydration.  The  fats  are  well  known  to  be  com- 
pound ethers,  combinations  of  a trivalent  alcohol,  glycerin, 
with  three  molecules  of  monobasic  acids,  principally  stearic 
acid,  palmitic  acid,  and  oleic  acid.  Beside  which,  certain  fats 
contain  small  quantities  of  volatile  fatty  acids,  such  as  butyric 
acid  in  the  fats  of  milk.  By  the  action  of  the  pancreatic 
ferment,  the  fat  molecule  takes  up  three  molecules  of  water, 
and  splits  up  into  glycerin  and  into  three  molecules  of  fatty 
acid.  This  action  of  the  pancreatic  juice  was  discovered  by 
Bernard. § How  large  a portion  of  the  fats  is  thus  broken 

* Hoppe-Seyler,  Ber.  d.  deutsch,  chem.  Ges.,  vol.  xvi.  p.  122:  1883;  and 
Zeitschr.  f.  physiol.  Chem.,  vol.  x.  p.  404 : 1886. 

t H.  Tappeiner,  Zeitschr.  f.  Biolog .,  vol.  xx.  p.  52  : 18S4 ; aud  vol.  xxiv.  p. 
105:  1888. 

% Compare  H.  Weiske,  Chem.  Central!}., \ ol.  xv.  p.  385: 18S4;  Henneberg  and 
Stohmann,  Zeitschr.  f.  Biolog.,  vol.  xxi.  p.  613 : 1885. 

§ Bernard,  Ann.  de  Chim.  et  de  Physique,  ser.  iii.  t.  xxv.  p 474 : 1849.  Com- 
pare also  Ogata,  Du  Bois’  Arch.,  p.  515 : 1881.  According  to  this  investigation, 
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up  in  the  intestine  cannot  be  stated,  but  it  is  probably  a very 
small  one.  For  the  decomposition  of  fats,  at  least  in  experi- 
ments on  artificial  digestion,  goes  on  very  slowly,  whereas  the 
absorption  of  fats  proceeds  very  rapidly.  But  it  is  quite 
sufficient  if  only  a minute  part  of  the  fats  is  decomposed,  for 
the  whole  amount  of  fat  is  thereby  rendered  capable  of  being 
converted  into  a fine  emulsion,  in  which  form  it  passes 
through  the  intestinal  wall. 

The  emulsifying  of  fats  is  brought  about  in  the  following 
manner.  It  is  well  known  that  the  neutral  fats  can  only  be 
saponified,  i.e.  split  up  into  glycerin  and  salts  of  fatty  acids 
to  form  soaps,  by  free  alkalies.  Carbonates  of  the  alkalies 
have  no  action  on  neutral  fats,  but  only  on  free  fatty  acids  ; 
the  carbonic  acid  is  driven  out  of  the  salts  by  the  stronger 
acid,  and  a salt  is  formed  by  the  combination  of  the  fatty 
acid  with  alkali.  Fatty  acids  and  neutral  glycerides  are  inti- 
mately miscible  in  every  proportion.  In  such  a mixture  of 
fat  and  a small  quantity  of  fatty  acid,  the  molecules  of  the 
fatty  acid  are  thus  always  to  be  found  among  the  molecules 
of  the  neutral  glycerides.  If  a solution  of  carbonate  of  soda 
act  upon  this  mixture,  a soapy  solution  is  formed  every- 
where between  the  molecules  of  the  neutral  fats.  By  this 
means  the  whole  mass  of  fat  is  immediately  converted  into  a 
fine  emulsion  of  microscopically  small  drops.  Perfectly  fresh 
neutral  fat  cannot  be  emulsionized  by  a solution  of  soda.  If, 
on  the  other  hand,  rancid  fat  be  taken,  i.e.  fat  in  which  a 
part  of  the  fatty  acids  has  already  been  set  free  by  the  action 
of  putrefactive  ferments,  or  if  a small  amount  of  free  fatty 

which  was  carried  out  in  Ludwig’s  laboratory,  the  decomposition  of  tlie  fats  begins 
already  in  the  stomach.  Marcet  had  already  come  to  the  same  conclusion 
(Medical  Times  and  Gazette,  new  ser.,  vol.  xvii.  p.  210:  1858).  The  decomposi- 
tion of  fats  in  the  stomach  is  probably  effected,  not  by  an  unorganized  ferment 
of  the  gastric  juice,  but  by  putrefactive  organisms.  The  cause  of  the  decomposi- 
tion of  fats  in  artificial  pancreatic  digestion  has  been  so  interpreted.  But  Nencki’s 
latest  experiments  ( Arch.f . exper.  Path.  u.  Pharm.,  vol.  xx.  p.  873 : 1880)  show  that 
the  pancreatic  ferment  decomposes  as  much  fat  if  phenol  be  present  as  if  there 
were  no  antiseptic. 
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acids  be  added  to  the  neutral  fat,  the  emulsion  is  at  once 
formed.  When  rancid  oil  is  poured  on  to  a dilute  solution 
of  soda,  the  two  layers  of  fluid  combine  directly  they  are 
gently  shaken,  and  the  whole  is  converted  into  an  opaque, 
uniform,  and  milky-looking  liquid.  Under  the  microscope, 
the  fat  is  seen  distributed  in  minute  drops. 

There  are  other  alkaline  salt  solutions  which  can,  like  the 
carbonates  of  soda  or  of  potassa,  combine  with  free  fatty  acids 
to  form  soaps.  Such,  for  instance,  is  the  phosphate  of  soda 
with  the  formula  Na,HP04.  This  salt  with  fatty  acids  gives 
soap  and  acid  phosphate  of  sodium,  NaH2P04.  As  we  shall 
soon  see,  the  bile,  which  contains  alkaline  salts,  acts  in  a 
similar  manner  on  fatty  acids.* 

Carbonate  of  soda  is  contained  in  the  pancreatic  secretion, 
for  the  analysis  f of  the  ash  shows  that  the  secretion  contains 
more  sodium  than  is  necessary  for  the  saturation  of  the 
strong  mineral  acids  present.  Two  weak  acids  divide  the 
remainder  among  themselves:  proteid  and  carbonic  acid. 
The  intestinal  juice  is  likewise  very  rich  in  carbonate  of  soda, 
as  we  shall  soon  see.  By  the  action  of  these  alkaline 
secretions,  the  fat  is  thus  distributed  in  minute  particles, 
which,  as  previously  described  (pp.  3-4),  are  passed  on  to 
the  commencement  of  the  chyle-vessels  by  the  active  inter- 
vention of  the  epithelial  cells. 

It  now  only  remains  to  consider  the  action  of  the  pan- 
creatic secretion  on  the  third  main  group  of  food-stuffs, 

* The  emulsifying  action  of  alkaline  salt  solutions  has  long  been  known  to 
technical  chemists;  it  is  practically  employed  in  dyeing  articles  Turkev  red. 
Marcet  was  the  first  to  draw  attention  to  its  physiological  bearing  (Medical 
Times  and  Gazette , new  ser.,  vol  xvii.  p.  209  : 1858).  Also  Brücke,  Sitzungsber. 
d.  Wiener  Alcad.  Math.-nat.  Classe,  vol.  lxi.  part  ii.  p.  362 : 1870.  Compare 
also  J.  Steiner,  Du  Bois’  Arch.,  p.286:  1874 ; Job.  Gad,  ibid.,  p.181:  1878; 
Georg  Quiucke,  Pflüger’s  Arch.,  vol.  xix.  p.  129 : 1879 ; and  Max  v.  Frey.  Du 
Bois’  Arcli.,  p.  382:  1881. 

t Bidder  and  Schmidt,  “Die  Verdauungssäfte  u.  der  Stoffwechsel,”  p.  245: 
Mitau  and  Leipzig,  1852.  The  sulphuric  acid  given  in  the  analysis  must  not  be 
taken  into  consideration,  because  it  did  not  arise  till  the  sulphur  in  the  albumen 
was  incinerated. 
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the  proteids.  By  the  action  of  the  pancreatic  ferment,  as 
well  as  of  that  of  the  gastric  ferment,  the  albumens  lose 
their  colloid  character ; they  become  diffusible,*  and  are  no 
longer  coagulable ; they  are  converted  into  peptones.  The 
gelatin-yielding  substances  undergo  a similar  alteration ; they 
become  dissolved,  and  the  solutions  lose  the  power  of  forming 
a jelly  in  the  cold.f 

The  peptonizing  action  of  the  pancreatic  juice  was  for  a 
long  time  doubted,  until  Corvisart  j decided  the  matter  in 
the  affirmative.  Kühne,  who  was  present  at  Corvisart’s 
experiments,  afterwards  carried  out  a series  of  exhaustive 
experiments  on  the  subject  in  Germany. § Kühne  obtained 
the  secretion  from  eleven  dogs  with  a temporary  pancreatic 
fistula,  and  he  found  that  “ amazing  quantities  of  boiled 
fibrin  and  proteid  were  dissolved  by  the  juice  without  any 
trace  of  putrefaction,  in  from  half  an  hour  to  three  hours,  at 
a temperature  of  40°  C.,  so  that  the  larger  portion  was  con- 
verted into  a substance  not  coagulable  at  boiling  heat,  which 
was  readily  diffusible  through  vegetable  parchment.” 

When  a fresh  pancreas  was  cut  up  into  small  pieces  witli 
scissors,  and  left  to  stand  from  three  to  six  hours,  mixed  with 
a large  quantity  of  fibrin  and  water,  heated  to  40°  C.,  the 
gland  disappeared  with  the  fibrin,  leaving  but  a trace  behind. 
The  reaction  after  complete  solution  was  alkaline.  Only  a 
small  portion  of  the  decomposed  proteid  could  be  precipitated 
by  acetic  acid  and  by  boiling. ||  The  solution,  when  filtered, 

* The  proofs  of  tho  power  of  ready  diffusion  possessed  by  peptones  have  been 
disputed.  See  von  Wittich,  Berliner  Min.  Woohenschr.,  No.  37  : 1872. 

t See  Fr.  Hofmeister,  Zeitschr.  f.  physiol.  Chem.,  vol.  ii.  p.  299:  1878.  An 
account  of  the  older  literature  will  also  be  found  here. 

t Corvisart,  “ Sur  une  fonction  pen  conuue  du  pancreas ; la  digestion  des 
aliments  azote'es,”  Gaz.  hebdom..  Nos.  15,  10,  19  : 1857. 

§ W.  Kühne,  Virchow’s  Arch.,  vol.  xxxix.  p.  130 : 18G7. 

||  For  an  account  of  the  globulin,  acid  albumen,  parapoptone,  propeptono, 
albumoses,  etc.,  which  occur  in  the  conversion  of  proteid  into  peptone,  both  in 
pancreatic  and  gastric  digestion,  see  Meissner,  Zeitsehr.  f.  rat.  Med.,  III.  Roilie. 
vol.  vii.  p.  1 : 1859;  Brücke,  Sitzunqsber.  der  Wiener  Ahad.,  vol.  xxxvii.  p.  131 : 
1859  ; Kühno  and  Chittenden,  Zeitschr.  /.  liiolog.,  vol.  xix.  p.  159  : 1883 ; vol.  xx. 
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was  concentrated,  at  from  60°  to  7ü°  C.,  to  one-sixth  of  its 
volume,  and  mixed  with  95  per  cent,  of  alcohol.  This 
precipitated  the  peptones  in  flocculent  masses.  When  the 
filtered  solution  was  concentrated  and  cooled  down,  tyrosin 
first  separated  out  in  crystals ; then,  on  further  concentration, 
leucin  crystallized  out,  in  botryoidal  masses — “ leucin  cones.” 
382  parts  of  dried  fibrin  and  15’2  of  dried  pancreas  yielded — 


53-5 


ll'O  undissolved  remainder  | 

42-0  coagulated  albumen  j 
211 ‘2  peptone  , 

13‘3  tyrosin  > 256‘1 
31‘6  leucin  ' 

397'2  — 53’5  = 343‘7  dissolved  proteid. 


From  this  it  appears  that  100  parts  of  fibrin  gave  61  of 
peptone,  3‘9  of  tyrosin,  9’1  of  leucin,  and  26  of  products  that 
we  are  at  present  unacquainted  with. 

It  might  be  supposed  that  the  amido-acids,  leucin  and 
tyrosin,  are  not  split  off  from  the  proteid  molecule  by  the 
action  of  a pancreatic  ferment,  but  by  the  fermentative  action 
of  putrefactive  organisms.  The  pancreas  and  its  juice  are 
substances  eminently  prone  to  putrefaction,  and  the  alkaline 
reaction  is  favourable  to  the  development  of  putrefactive 
organisms.  It  is  this  liability  to  putrefaction  which  makes 
it  so  much  more  difficult  to  carry  out  experiments  on  artificial 
pancreatic  digestion  than  on  gastric  digestion.  We  know, 
in  fact,  that  peptones  and  amido-acids  are  formed  from 
proteids  by  the  action  of  putrefactive  organisms.  But  Kühne 
meets  this  objection  by  experiments,*  which  were  carried  out 


p.  11:  1884;  vol.  xxii.  p.  409:  1 8S6 ; R.  Hertli,  Monatshefte  f.  Chem.,  vol.  v. 
p.  266:  1884;  Kühne,  Verhandl.  d.  nat.  med.  Vereins  zu  Heidelb.  N.  F.,  vol.  iii. 
p.  286:  1885;  Schmidt-Mülheim,  Du  Bois’  Arch.,  p.  36:  1880;  Hans  Thierfelder, 
Zeitschr.  f.  'physiol.  Chem.,  vol.  x.  p.  577:  1886;  R.  Neumeister,  Zeitschr.  f. 
Biol  or;.,  vol.  xxiii.  pp.  381, 402  : 1887 ; and  “ Ueb.  d.  nächste  Einwirk,  gespannter 
Wassere  Kämpfe  auf  Proteine,”  etc. : München,  1889. 

* Kühne,  Verhandl.  d.  naturhistor.  med.  Vereins  zu  Heidelb.  N.  F.,  vol.  i. 
lieft  iii. ; 1876. 
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with  the  use  of  the  antiseptic,  salicylic  acid.  He  showed 
that  concentrated  salicylic  acid,  while  arresting  the  develop- 
ment of  putrefactive  germs,  does  not  inhibit  the  action  of  the 
pancreatic  ferment,  and  that  amido-acids  are  still  formed 
under  these  conditions. 

Kühne  is  of  opinion  that  amido-acids  are  also  formed  in 
the  intestine  of  living  animals.  He  tied  the  intestine  of  a 
live  dog  above  the  entrance  of  the  pancreatic  duct,  and  again 
four  feet  lower  down,  introduced  cannulas  at  the  upper  and 
lower  extremities  of  the  intestine  he  had  tied,  and  passed  a 
stream  of  water,  heated  to  40°  C.,  through  it  until  it  was 
quite  clean.  Fibrin  was  then  put  in  the  piece  of  intestine, 
and  the  wound  in  the  abdomen  was  closed.  The  dog  was 
killed  after  four  hours,  and  the  piece  of  intestine  cut  out. 
Among  the  contents  were  found  peptone,  tyrosin,  and  leucin. 

It  may  be  ä priori  doubted,  on  teleological  grounds, 
whether,  under  normal  conditions,  the  amount  of  amido-acids 
formed  in  the  intestine  is  a large  one.  It  would  be  a waste 
of  chemical  potential  energy,  which  would  serve  no  purpose 
when  converted  into  kinetic  energy  by  their  decomposition, 
and  a reunion  of  the  products  of  such  a profound  decompo- 
sition outside  the  intestinal  wall  is  highly  improbable.  And, 
indeed,  Schmidt-Mülheim,*  in  numerous  experiments  on  the 
contents  of  the  intestines  of  dogs  fed  on  meat,  could  only  find 
traces  of  amido-acids  or  else  none  at  all. 

On  boiling  proteids  with  dilute  acids  and  alkalies,  peptones 
again  appear  at  first,  and  amido-acids  later  on. 

We  will  now  inquire  into  the  nature  of  the  process  by 
which  albumen  is  converted  into  peptone. 

As  peptone  occurs  as  an  intermediary  product  in  the 
formation  of  undoubted  decomposition-products  of  amido- 
acids  from  proteid,  it  may  reasonably  be  imagined  that  the 
peptones  are  the  first  immediate  products  of  decomposition. 
This  view  is  further  confirmed  by  the  aualogy  of  fermentative 
* Schmidt-Mülheim,  Du  Boia’  Arch.,  p.  39;  1879. 
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action  and  of  the  action  of  acids  and  alkalies  on  complex 
organic  compounds  of  known  composition.  In  all  these 
processes  decomposition  is  accompanied  by  hydration.  The 
same  pancreatic  ferment  which,  accompanied  by  hydration, 
splits  up  the  fats  into  glycerin  and  fatty  acids,  and  starch 
flour  into  dextrine  and  sugar, — this  same  ferment  also 
changes  the  proteids  into  peptones.  What  is  more  natural 
than  to  conclude  that  the  peptones  are  also  formed  from  the 
proteids  by  a process  of  decomposition  accompanied  by 
hydration  ? 

It  is  a very  seductive  theory  to  assume  that  the  colloid 
and  insoluble  proteids  are  polymeric  products  of  the  soluble 
peptones,  just  as  the  colloid  and  insoluble  carbohydrates, 
such  as  glycogen,  gum,  starch,  or  cellulose,  are  polymeric 
products  of  the  soluble  sugars,  and  that  the  peptone  mole- 
cules after  absorption  are  again  combined  into  proteid 
molecules,  just  as  the  sugar  molecules  are  united  to  form 
glycogen  in  animal  tissues,  or  starch  and  woody  fibre  in 
vegetable  tissues.  But  it  must  be  remembered  that  this 
theory  is  only  based  upon  analogy.  At  present  nothing 
certain  is  known  about  the  nature  of  peptones.  It  is  not 
known  whether  the  peptones  are  decomposition-products  of 
proteid,  or  even  whether  the  decomposition -products  them- 
selves are  alike  or  differ  from  each  other,  or  whether  the 
peptones  have  arisen  from  proteid  either  by  a rearrangement 
of  atoms  without  alteration  of  the  size  of  the  molecules,  or  bjr 
hydration. 

In  experiments  on  the  composition  of  peptones,  the  error 
has  always  been  made  of  using  impure  material.  The 
albumen  chosen  for  the  production  of  peptone  has  generally 
been  the  fibrin  of  the  blood  (compare  Lecture  XIII.).  We 
do  not  know  how  many  different  proteids  there  are  in  the 
coagulum  of  fibrin  ; hut  we  know  for  certain  that  the  nuclei 
and  remains  of  the  broken-up  leucocytes,  as  well  as  whole 
leucocytes  and  the  stromata  of  red  blood-corpuscles,  are  all 
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contained  in  this  coagulum.  This  method  of  subjecting  a 
conglomeration  of  substances  and  organisms  to  elementary 
analysis,  and  of  afterwards  comparing  the  result  with  the 
analysis  of  a mixture  of  the  products  of  our  experiment, 
can  lead  to  no  satisfactory  conclusions.  But  this  method  of 
research  is  the  most  exact  that  has  been  employed  in  the 
work  on  peptone.*  Now  that  we  are  in  a position  to  produce 
crystalline  proteid  compounds,  all  experiments  on  the  com- 
position of  peptones  which  are  made  on  other  material  are 
utterly  worthless. 

As  it  has  not  been  found  possible  to  crystallize  the  pep- 
tones from  their  solution,  or  to  produce  compounds  capable 
of  crystallization,  or  even  compounds  of  constant  composition, 
Maly  f has  adopted  the  method  of  fractional  precipitation,  in 
order  to  decide  the  question  whether  the  peptone  solution, 
obtained  from  the  blood-fibrin  by  artificial  pepsin  digestion, 
contains  a single  peptone  or  a mixture  of  different  peptones. 
Maly  mixed  the  clear  and  highly  concentrated  peptone  solu- 
tion with  strong  alcohol,  until  a portion  of  the  peptone 
separated  out  in  adhesive  floccula  (fraction  1) ; the  filtrate 
was  again  precipitated  out  with  alcohol  (fraction  2)  ; and, 
finally,  the  remaining  alcoholic  solution  was  evaporated  to 
dryness  (fraction  3).  If  the  peptone  solution  contained 
several  different  peptones,  we  should  expect  to  find  that  the 
various  fractions  possessed  a varying  composition ; for  wre 
cannot  assume  that  the  different  peptones  have  the  same 
power  of  dissolving  in  dilute  alcohol.  Maly  found  that  the 
figures  were  so  nearly  the  same  in  the  ultimate  analysis  of  his 
three  fractions,  that  he  came  to  the  conclusion  that  only  one 
peptone  was  formed.  Maly’s  pupil,  Herth,|  came  to  the 
like  conclusion,  from  an  experiment  carried  out  on  the 

* Compare  E.  Maly’s  critique  in  Pfliiger’s  Arch.,  vol.  xx.  p.  315  : 1879. 

+ E.  Maly,  Pfliiger’s  Arch.,  vol.  ix.  p.  585  : 1871. 

t Eobert  Herth  (Maly’s  laboratory  in  Graz),  Zeitschr.  f.  physiol.  Ghent..,  vol. 
i.  p.  277  : 1877.  Compare  also  A.  Honniuger,  “ De  la  nature  et  du  role  physto- 
logique  des  peptones:”  Paris;  Cotnpt.  rend.,  t.  lxxxvi.  pp.  1113,  1164:  1878. 
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same  principle  with  solutions  of  peptone  obtained  from  egg- 
albumen. 

Maly’s  and  Herth’s  figures  have  not  convinced  me  of  the 
justice  of  this  conclusion.  It  is  particularly  to  be  regretted 
that,  in  the  ultimate  analyses,  the  amounts  of  sulphur  in  the 
fractional  precipitations  were  not  determined.  We  should 
most  readily  have  expected  to  see  a difference  in  the  amount 
of  sulphur.  If  we  regard  the  proteids  as  compounds  of  the 
peptones,  we  must  assume  that  there  are  several  peptones, 
some  rich  and  some  poor  in  sulphur,  or  else  some  containing 
sulphur,  and  others  without  any  sulphur,  for  the  reason  that 
the  amount  of  sulphur  in  the  different  kinds  of  proteid  varies 
so  remarkably  (compare  above,  pp.  58-60).  But  if,  on  the 
other  hand,  we  do  not  regard  the  peptones  as  decomposition- 
products  from  the  proteids,  we  must  assume  as  many 
different  peptones  as  there  are  proteids  of  varying  com- 
position. There  are,  at  any  rate,  several  peptones.  A. 
Krüger  * has  recently  made  analyses  of  proteid  and  peptones, 
in  which  he  has  bestowed  especial  care  upon  the  estimation 
of  sulphur ; but  unfortunately,  instead  of  using  pure  material, 
he  employed  fibrin  and  egg-albumen.  The  latter,  like  the 
albumen  of  blood-serum  (vide  Lecture  XIII.),  is  a mixture  of 
at  least  two  different  kinds  of  proteid,  a globulin  and  an 
albumen. 

The  quantitative  estimates  of  the  amounts  of  carbon, 
hydrogen,  and  nitrogen  in  the  purest  of  the  peptone  pre- 
parations hitherto  made,  have  always  given  figures  which 
are  within  the  limits  between  which  the  composition  of 
proteid  varies. f 

* Albert  Krüger,  Pflüger’s  Arch.,  vol.  xliii.  p.  244 : 1S8S.  This  paper  contains 
a summary  of  the  earlier  literature  on  the  amount  of  sulphur  iu  the  various  kinds 
of  proteid  and  the  different  ways  in  which  sulphur  is  combined. 

t The  divergence  iu  the  results  recently  obtained  by  Kühne  and  Chittenden 
awaits  further  investigation  (Zeitschr.  f.  Biolog.,  vol.  xxii.  p.  423  : 18S6).  It  was 
attempted  to  attain  further  insight  into  the  nature  of  peptones  by  comparative 
experiments  on  the  optical  characteristics  of  the  proteids  and  peptones,  on  their 
jiower  of  intercepting  light,  and  their  behaviour  towards  polarized  light.  But 
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Whether  all  profceid,  in  order  to  become  absorbed,  must 
be  previously  peptonized,  or  whether  a part  is  taken  up 
unaltered ; whether  the  peptones  are  again  reconverted 
into  albumen  after  absorption,  and  where  this  conversion 
takes  place ; — are  questions  which  will  be  treated  more 
in  detail  in  Lecture  XII.,  after  we  have  become  acquainted 
with  the  parts  played  by  the  remaining  digestive  secretions, 
the  intestinal  juice  and  the  bile. 

these  investigations  have  not  led  to  any  unanimous  or  conclusive  results  (see 
J.  Bechamp,  Compt.  rend.,  vol.  xciv.  p.  8S3  : 1882 ; A.  Poehl,  “ Ueber  das  Vor- 
kommen u.  die  Bildung  des  Peptons  ausserhalb  des  Verdauungsapparates  u. 
über  die  Rückbildung  des  Peptons  in  Eiweiss,”  Dorpater  Dissert. : St.  Peters- 
burg, Eöttger,  1882;  and  Ber.  d.  deutsch  che m.  Ges.,  p.  1152:  1883).  The  fact 
observed  by  Danilewski,  that  the  heat  of  combustion  of  the  peptones  is  less  than 
that  of  the  proteids  ( Cenfralb . j.  d.  med.  Wissensch.  Nos.  26  and  27  ; 1881),  can 
also  be  interpreted  in  several  ways.  This  fact  agrees  with  the  decomposition 
hypothesis  just  as  well  as  with  the  theory  that  hydration  is  the  essence  of  pep- 
tonization. It  has  been,  moreover,  quite  lately  noted  that  the  peptones  could 
be  reconverted  into  proteids  by  the  action  of  dehydrating  agents.  But  all  these 
statements  bear  the  character  of  preliminary  communications.  They  are  not, 
therefore,  suitable  for  critical  discussion  in  a text-book.  See  Henninger,  Compt. 
rend.,  t.  lxxxvi.  p.  1464:  1878;  Hofmeister,  Zeitschr.  f.  physiol.  Chem.,  vol.  ii. 
j).  206:  1878;  and  vol.  iv.  p.  267:  1880;  Danilewski,  Centralb.  f.  d.  med. 
Wissensch.,  No.  42,  1880:  Schmidt-Mülheim,  Du  Bois’  Arch.,  p.  36:  1880;  A. 
Poehl,  loc.  cit.,  and  Ber.  d.  deutsch,  chem.  Ges.,  p.  1355:  1881;  p.  1163:  1883. 
Compare  also  O.  Loew,  Pllüger’s  Arch.,  vol.  xxxi.  p.  405 ; 1883 ; and  It.  Neumeister, 
Zeitschr.  f.  Biolog.,  vol.  xxiii.  p.  304:  1887. 
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LECTURE  XL 

INTESTINAL  JUICE  AND  BILE. 

Thiry,*  by  bis  bold  vivisection,  was  the  first  to  obtain  and 
examine  the  intestinal  juice,  the  secretion  of  Lieberkiihn’s 
glands,  in  a pure  state.  Thiry  opened  the  abdomen  of  dogs, 
after  they  had  fasted  for  twenty-four  hours,  by  an  incision  in 
the  linea  alba.  A coil  of  small  intestine  was  drawn  out,  aud 
a piece  from  10  to  15  cms.  in  length  cut  out,  without  injury  to 
the  mesentery.  The  edges  of  the  two  ends  of  the  intestine 
were  sewn  together  in  the  usual  way.  One  end  of  the 
resected  piece  of  intestine  was  closed  by  the  intestinal  cross- 
stitch,  and  replaced ; the  other  end,  left  open,  was  sewn  into 
the  wound  in  the  stomach.  Although  Thiry  did  not  treat  the 
wound  antiseptically,  he  succeeded  in  preventing  peritonitis 
in  a few  cases,  and  in  getting  the  wound  to  heal  quickly.  In 
from  two  to  five  days  the  animals  could  again  receive  food 
into  their  shortened  intestine,  and  remained  in  good  health 
for  months.  Quincke  j has  repeated  these  experiments  several 
times  ; one  of  the  dogs  experimented  upon  lived  for  nine 
months  after  the  operation,  and  died  from  an  accident.  An 
abundant  secretion  of  intestinal  juice  was  brought  about  in 
this  isolated  piece  of  intestine  by  mechanical  and  chemical 
stimulation,  especially  by  acids.  The  juice  was  readily 
obtained  for  examination  by  putting  in  small  pieces  of 

* Thiry,  Situngsber.  cl.  Wiener  Aliad.,  vol.  1.  p.  77 : 1S61. 

f H.  Quincke,  Du  Bois’  Arch.,  p.  150  : 18G8.  Compare  also  Letibe,  Centralb. 
f.  d.  med.  Wissensch.,  p.  289  : 1S68. 
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sponge,  -which  -were  removed  after  a time  and  squeezed 
out. 

To  the  obvious  objection  that  a secretion  thus  obtained 
was  not  normal  intestinal  juice,  Thiry  and  Quincke  replied 
with  the  following  arguments:  1.  The  microscopic  exami- 
nation of  the  intestinal  wall  showed  no  changes  in  its  histo- 
logical structure,  as  a whole,  or  in  Lieberkiihn’s  glands,  even 
several  months  after  the  operation.  2.  The  circulation  in 
the  mesentery  and  the  innervation  did  not  appear  to  be  dis- 
turbed; the  reflex  mechanism  was  maintained.  3.  Intestinal 
parasites  continued  to  live  in  the  isolated  piece  of  intestine : 
a Nematode  and  a Tcenia  serrata,  the  latter  of  which  from 
time  to  time  cast  off  ripe  segments.  This  last  argument  is 
rendered  convincing  by  the  fact  that  these  creatures  only 
exist  under  certain  conditions,  and  that  most  kinds  of 
intestinal  worms  only  live  in  certain  portions  of  the  ali- 
mentary canal  of  definite  animal  species. 

The  secretion  obtained  from  the  isolated  piece  of  intestine 
proved  to  have  no  action  on  all  three  of  the  main  groups  of 
organic  aliments ; fats  and  starch  flour  remained  unaltered. 
Of  the  proteids,  according  to  Thiry,  only  the  blood-fibrin  was 
dissolved,  but  no  other  kinds  of  proteid,  such  as  bits  of  meat, 
coagulated  egg-albumen  ; gelatin  did  not  lose  its  power  of 
gelatinizing.  Quincke  could  not  even  confirm  the  action  of 
the  secretion  upon  fibrin;  he  found  the  intestinal  juice  quite 
inactive  on  all  food.  Lehmann  * also  came  to  the  same 
conclusions,  when  he  examined  the  secretion  from  an  isolated 
piece  of  goat’s  intestine.  Many  further  experiments  on 
artificial  digestion  have  been  carried  out  with  extracts  from 
the  intestinal  mucous  membrane  of  various  animals.  In 

* Karl  B.  Lehmann,  Pfliiger’s  Arch.,  vol.  xxxiii.  p.  180 : 1884.  Compare  also 
J.  Wenz,  Zeitschr.  f.  Biolog.,  vol.  xxii.  p.  1 : 188G.  L.  Vella  obtained  different 
results  on  repeating  Thiry’s  experiments  on  dogs  (Moleschott’s  Unt.  zur  Natur- 
lehre u.  *.  w.,  vol.  xiii.  p.  40 : 1881);  ho  found  that  the  juice  aoled  on  all  the 
main  groups  of  food.  This  divergence  of  opinion  does  not  as  yet  admit  of  ex- 
planation. 
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these  experiments  there  was  either  no  action  to  be  observed 
on  any  article  of  diet,  or  a very  slight  one  only  on  boiled 
starch  flour,  when  sugar  was  formed.  But  no  importance 
should  be  attached  to  the  last  results,  as  a ferment  with  a 
slow  action  upon  boiled  starch  may  be  extracted  from  every 
tissue. 

Lastly,  Demant  * has  more  recently  made  experiments 
on  the  action  of  the  intestinal  juice  in  human  beings. 
Demant  had  the  opportunity  of  collecting  pure  intestinal 
juice  from  the  lower  portion  of  intestine,  in  a case  of  artificial 
anus  after  herniotomy,  which  occurred  in  Leube’s  hospital- 
practice  in  Erlangen. 

A part  of  the  intestine  bulged  out  like  a sausage  from  the 
fistulous  opening  (of  which  there  were  two)  belonging  to  the 
lower  portion  of  the  intestine.  Usually  but  little  juice  oozed 
out  of  this  opening ; the  supply  was,  however,  abundant  after 
meals,  and  could  be  collected  in  a glass  tumbler  which  was 
held  underneath  without  touching  the  intestinal  mucous  mem- 
brane. In  this  manner,  from  15  to  25  c.cms.  of  the  secretion 
were  obtained  in  the  course  of  one  day.  The  secretion  thus 
occurred  without  any  direct  chemical  or  mechanical  stimula- 
tion of  the  mucous  membrane,  merely  from  the  normal  reflex 
irritation,  which  proceeded  from  the  upper  portions  of  the 
alimentary  canal.  It  is,  therefore,  probable  that  Demant 
really  obtained  the  normal  secretion,  and  not  an  inflamma- 
tory transudation  of  mucous  membrane,  brought  about  b}r 
abnormal  irritation. 

The  intestinal  juice  of  man,  experimented  upon  by 
Demant,  appeared  to  produce  no  change  in  any  form  of 
proteid,  nor  in  fibrin  and  fats.  It  had  a very  slight  action 
on  boiled  starch,  which  in  numerous  experiments  never 
occurred  till  five  hours  had  elapsed,  at  from  36°  to  3S°  C. 
No  trace  of  sugar  could  be  detected  before  this  time  had 
passed. 

* Beruh.  Demant,  Virchow’s  Arch.,  vol.  lxxv.  p.  419  : 1S79. 
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If  the  intestinal  juice  has  no  action  upon  food,  of  what 
importance  is  it?  Will  not  its  chemical  composition  enlighten 
us  here  ? Quincke  found  that  it  contained  remarkably  little 
of  any  organic  constituents;  in  fact,  only  0’5  per  cent.,  which 
was  chiefly  albumen.  Thiry  found  somewhat  more.  Both 
investigators  agreed  that  the  amount  of  inorganic  salts  was 
0-9  per  cent. ; among  these  carbonate  of  soda  is  the  chief. 
Both  Thiry  and  Quincke  remarked  that  the  intestinal  juice 
effervesces  on  the  addition  of  acids,  and  the  same  thing  has 
been  noticed  by  Demant  with  the  human  secretion. 

The  importance  of  the  intestinal  juice  lies  undoubtedly 
in  the  large  amount  of  carbonate  of  soda  it  contains.  Its 
function  is  to  neutralize  the  acids  of  the  intestinal  contents, 
and  to  emulsify  the  fats  with  the  surplus  carbonate  of  soda 
(compare  above,  p.  193).  It  has  to  supersaturate  not  only  the 
hydrochloric  acid  of  the  gastric  juice,  hut  also  the  acids, 
sometimes  existing  in  far  larger  quantities,  and  which  arise 
from  the  butyric  and  lactic  acid  fermentations.  The  rapidity 
of  the  passage  of  the  carbonate  of  soda  through  the  intestinal 
wall  must  therefore  be  proportionate  to  the  acidity  of  the 
intestinal  contents.  For  as  soon  as  the  carbonate  of  soda 
became  over-saturated,  the  absorption  of  fat  would  necessarily 
be  at  a standstill.  This  is  prevented  by  reflex  mechanism. 
Thiry  and  Quincke  observed  that,  on  stimulating  the  intestinal 
mucous  membrane  with  acids,  the  secretion  of  the  alkaline 
intestinal  juice  at  once  became  more  copious. 

To  this  interpretation,  that  the  emulsifying  and  absorption 
of  fats  is  brought  about  by  the  carbonate  of  soda  in  the 
intestinal  juice,  the  objection  has  been  raised  that  the 
absorption  of  fats  begins  earlier  in  the  upper  part  of  the 
intestine,  where  the  reaction  of  the  intestinal  contents  is 
always  acid.  It  is  said,  further,  that  during  digestion  the 
chyle-vessels  in  the  duodenum  become  opaque  and  white, 
through  being  filled  with  droplets  of  fat,  and  also  that  the 
contents  of  the  entire  small  intestine  as  far  as  the  ctecum 
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occasionally  give  an  acid  reaction.*  To  this  I would  reply, 
that  it  is  not  the  reaction  of  the  internal  part  of  the  food- 
mass  which  is  of  importance,  hut  the  reaction  of  its  surface 
which  comes  in  contact  with  the  absorbing  intestinal  wall. 
That  this  latter  always  remains  alkaline  is  due  to  the  above- 
mentioned  reflex  mechanism. 

It  appears  to  me  that  the  carbonate  of  soda  in  the  intes- 
tinal juice  also  serves  another  purpose.  The  food  absorbs 
hydrochloric  acid  in  the  stomach;  the  molecules  of  hydro- 
chloric acid  are  distributed  among  the  minutest  particles  of 
organic  food.  When  the  sodium  carbonate  neutralizes  the 
acid,  the  carbonic  acid  thus  liberated  effectually  separates 
the  minute  particles  of  the  organic  food  from  each  other. 
The  bulk  of  the  food  is  more  thoroughly  broken  up,  and  the 
digestive  ferments  gain  more  complete  and  easy  access  to  the 
individual  particles,  and  so  effect  the  rapid  solution  of  the 
food  in  the  intestine. 

In  conclusion,  I must  not  omit  to  mention  that  another 
explanation  has  been  given  by  Hoppe- Seyler  of  the  action 
of  the  intestinal  juice,  which  is  opposed  to  mine.  Hoppe- 
Seyler’sf  view  is  that  no  special  intestinal  juice  probably 
exists  as  a secretion  of  Lieberkiihn’s  glands,  or  of  the  in- 
testinal mucous  membrane ; at  any  rate,  he  sees  at  present 
no  proof  of  its  existence.  He  thinks  that,  the  quantitative 
composition  of  the  supposed  intestinal  juice  being  identical 
with  that  of  the  blood-plasma  and  of  lymph,  we  cannot 
regard  the  fluid  obtained  from  Tliiry’s  intestinal  fistula  as 
being  anything  but  a transudation  brought  about  by  abnormal 
stimulation. 

In  reply,  I would  merely  ask  how  we  are  to  explain  the 
fact  that  the  intestinal  contents,  which  give  an  acid  reaction 
in  the  upper  portion  of  the  small  intestine,  even  after  ad- 

* Th.  Cash,  Du  Bois’  Arch.,  p.  323:  1880. 

t Hoppe-Seyler,  “ Physiologische  Chemie,”  pp.  270,  275 : Berlin  1SS1.  Com- 
pare Arthur  Hanau,  Zeitsch.  f.  Biolog.,  vol.  xxii.  p.  195 : 1886. 
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mixture  with  the  pancreatic  juice  and  with  bile,  are  nearly 
always  markedly  alkaline  in  the  lower  portion  of  the  intes- 
tine, and  this  in  spite  of  the  incessant  lactic  and  butyric  acid 
fermentations.* 

Hoppe-Seyler  teaches  that  the  inversions  of  the  intestines, 
designated  as  Lieberkiihn’s  glands,  serve  only  to  enlarge  the 
absorbent  intestinal  surface,  and  that  the  supposed  glandular 
epithelium  is  only  a continuation  of  the  absorbent  epithelium 
of  the  villi.  On  the  other  hand,  Heidenhain  asserts  that  the 
epithelium  of  Lieberkiihn’s  glands  differs  very  much  morpho- 
logically from  the  epithelium  of  the  villi,  and  that,  as  the 
intestinal  contents  never  penetrate  into  Lieberkiihn’s  glands, 
these  could  not  serve  for  absorption. 

The  bile,  the  secretion  of  the  liver,  is  the  only  secretion 
poured  into  the  digestive  canal  which  remains  for  our  con- 
sideration. The  secretion  of  bile  is  not  the  only  function  of 
the  liver.  This  is  soon  seen  by  comparing  the  size  of  the 

liver  and  the  small  amount  of  bile  produced  with  the  size 
of  other  glands  and  the  quantity  of  their  secretions.  The 
human  liver  weighs  from  1500  to  2000  grms.,  and  produces 
in  twenty-four  hours  about  400  to  600  grms.  of  bile.f  The 

* A dissimilar  account  is  given  by  Schmidt-Mülheim  (Du  Bois’  Arch.,  p.  56  : 
1879),  who,  in  the  case  of  six  dogs  fed  on  meat  boiled  to  shreds,  found  that  the 
contents  of  the  lowest  extremity  of  the  small  intestine  gave  a faint  acid  reaction. 

t For  the  method  of  establishing  a biliary  fistula,  and  of  determining  the 
amount  of  bile  produced  in  twenty-four  hours,  see  Schwann,  Arcli.  f.  Anat.  u. 
Physiol.,  p.  127:  1844;  Blondlot,  “Essai  sur  les  fonctions  du  foie,”  etc.:  Paris, 
1846;  Bidder  and  Schmidt,  “Die  Yerdauungss'afte  u.  der  Stoff  Wechsel,”  p.  98: 
Leipzig  and  Mitau,  1852.  The  amount  of  bile  secreted  in  twenty-four  hours  in 
cases  of  men  with  biliary  fistula),  was  estimated  by  J.  Ranke,  “Die  Blutvertheiluug 
und  der  Thätigkeitsweehsel  der  Organe,”  pp.  39, 145 : Leipzig,  1871 ; v.  Wittich, 
Pßiiijer’s  Arch.  vol.  vi.  p.  181 : 1872  ; W.  Westphalen,  Deutsch.  Arch.  f.  ldin.  Med., 
vol.  xi.  p.  588  : 1873  ; Gerald  F.  Yco  and  E.  F.  Herroun,  Journ.  of  Physiol.,  vol.  v. 
p.  116  : 1884.  The  amount  of  bile  in  twenty-four  hours  estimated  in  the  case  of 
men  with  biliary  fistula)  is  certainly  too  small,  for  the  ductus  choledochus  was 
open,  and  a part  of  the  bile  escaped  into  the  intestine.  With  animals,  where  the 
ductus  choledochus  had  been  tied,  a far  larger  amount  of  bile  was  obtained 
proportionate  to  their  weight.  Bidder  and  Schmidt  ( loc . ait.,  pp.  114-209)  found 
from  13  to  29  grms.  of  bile  in  twenty-four  hours  to  every  kilogramme  of  weight, 
in  the  case  of  dogs  : with  cats,  an  average  of  14'5  ; sheep,  25*4 ; rabbits,  136-8. 
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parotid,  which  only  weighs  from  24  to  30  grms.,  produces  in 
the  same  time  from  800  to  1000  grms.  of  secretion.  This 
simple  fact  shows  that  the  liver  probably  has  other  functions 
to  perform.  We  must  refer  our  readers  to  another  lecture 
(Lecture  XVIII.)  for  an  account  of  the  numerous  and  compli- 
cated chemical  processes  that  go  on  in  this  the  largest  of  all 
the  glands,  and  of  the  origin  of  the  bile  from  the  constituents 
of  the  blood.  At  present  we  have  only  to  do  with  the 
secretion,  when  effected,  and  its  significance  in  intestinal 
digestion. 

The  digestive  secretions  which  have  been  under  con- 
sideration do  not  contain  any  specific  constituents,  if  we 
exclude  the  ferments  which  we  are  unable  to  isolate.  So 
far  as  our  knowledge  goes,  they  consist  only  of  substances 
which  are  distributed  all  over  the  body.  The  chief  part  of 
desiccated  bile,  on  the  other  hand,  is  found  to  consist  of 
specific  organic  compounds,  which  are  either  not  met  with  at 
all  elsewhere  in  the  animal  body  or  only  in  traces.  We 
will,  therefore,  proceed  to  examine  these  compounds  more 
closely. 

The  sodium  salts  of  two  complex  acids  form  the  chief 
constituents  of  the  bile  : glycocholic  acid  and  taurocholic 
acid.  The  former  of  these  acids  splits  up,  on  boiling  with 
acids  and  alkalies  as  well  as  when  acted  on  by  ferments  with 
hydration,  into  an  acid  free  from  nitrogen,  cholalic  acid,  and 
into  a substance  containing  nitrogen,  glycocoll.  The  tauro- 
chloric  acid  splits  up,  by  the  same  means,  into  cholalic  acid, 
and  into  a body  containing  both  nitrogen  and  sulphur, 
taurin.* 

* The  researches  of  Adolph  Strecker  in  Liebig’s  Annal.  (vol.  lxv.  p.  130  : 
1848  ; vol.  lxvii.  p.  1 : 1848  ; and  vol.  lxx.  p.  149  : 1849)  form  the  groundwork 
of  all  subsequent  investigations  on  the  bile-acids.  Among  later  works,  I must 
particularly  notice  a series  of  experiments  carried  out  by  Heinrich  Bayer  in 
Hoppe-Seyler’s  laboratory  at  Strassburg,  “ Ueber  die  Säuren  der  menschlichen 
Galle”  ( Zeitschr . f.  ■physiol.  Gliem.,  vol.  iii.  p.  293:  1879).  A summary  of  the 
earlier  work  done  in  this  field  is  also  given  here. 
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In  spite  of  numerous  investigations,*  little  is  known  con- 
cerning the  constitution  of  cliolalic  acid.  It  appears  that 
the  cliolalic  acids  from  the  biliary  acids  of  various  animals 
have  a different  composition,  although  possessing  similar 
physical  and  chemical  qualities.  The  formula  for  the  cholalic 
acid  of  human  bile  was  found  by  H.  Bayer  to  be  C18H2804, 
while  that  of  the  cholalic  acid  in  bullock’s  bile  was  found 
to  be  C2JT11A. 

The  constitution  of  glycocoll  (glycin)  is  accurately  known. 
This  substance  can  he  synthetically  produced  from  mono- 
chlor-acetic  acid  and  ammonia,  and  is  therefore  the  same 
as  amido-acetic  acid — CH2(NH2)COOH.  It  cannot  be  traced 
in  a free  state  in  the  animal  body,  but  occurs  in  combination 
with  another  acid  than  cholalic  acid,  as  hippuric  acid.  "We 
shall  soon  meet  with  it  again.  It  undoubtedly  originates  in 
the  animal  body  from  proteid.  It  can  be  artificially  prepared 
from  gelatin  by  boiling  with  dilute  acids,  and  gelatin  is  a 
derivative  of  proteid.  Being  produced  from  gelatin,  amido- 
acetic  acid  received  the  name  glycocoll  (gelatin  sugar). 

Taurin  shows  its  origin  from  albumen  by  the  amount  of 
sulphur  it  contains.  Kolbe  t succeeded  in  producing  it 
synthetically  in  the  following  manner  : chlorethyl-sulphonate 
of  silver,  C2H4ClS03Ag,  heated  at  100°  C.  in  sealed  tubes  with 
a concentrated  solution  of  ammonia,  yields  silver  chloride 
and  amido-ethyl  sulphonic  acid,  C2H4(NH2)S03H.  This  is 
identical  with  the  taurin  obtained  from  bile. 

The  comparative  amounts  of  taurocholic  and  glycocholic 

* Of  late  years  the  following  authors  have  worked  more  particularly  on  the 
subject  of  the  constitution  of  cholalic  acid  : Tappeiner,  Zeitschr.f.  Biolog.,  vol.  xii. 
p.  60:  1876;  Sitzungsber.  d.  Wiener  A lead.,  vol.  lxxxvii.  part  ii. : April,  1878; 
Ber.  d.  deutsch,  chem.  Ges.,  vol.  xii.  p.  1627  : 1879.  Compare  also  Latschinoff, 
Ber.  d.  deutsch,  chem.  Ges.,  vol.  xii.  p.  1518  : 1879;  vol.  xiii.  pp.  1052,  1911  : 
1880;  vol.  xv.  p.  713:  1882;  and  vol.  xviii.  p.  3039  : 1885;  as  well  as  Harnmar- 
sten,  Nova  Acta  Beg.  Soc.  Scient.  Upsala,  ser.  iii. : 1881 : Kutscheroff,  Ber.  d. 
deutsch,  chem.  Ges.,  vol.  xii.  2325:  1879;  Cleve,  Compt.  rend.,  t.  xci.  p.  1073: 
1880 ; and  Oefversigt  af  Kongl  Vetenslcaps.  Alcad.  fiirh.,  No.  4,  1882. 

t Kolbe,  Ann.  d.  Chem.  u.  Pharm.,  vol.  exxii.  p.  33  : 1862. 
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acids  vary  in  the  bile  of  different  animals.  Glycocliolic  acid 
predominates  in  bullock’s  bile,  whereas  the  bile  of  carnivora 
appears  to  contain  taurocholic  acid  only  ; at  any  rate,  this  is 
true  of  dog’s  bile.* * * §  Both  acids  are  found  in  human  bile  in 
very  varying  proportions,  although  glycocholic  acid  always 
predominates. f Jacobsen  even  found  the  human  bile  in  one 
case  quite  free  from  sulphur,  and  in  three  other  cases  the 
sulphur  was  only  contained  as  a sulphate .+ 

To  the  specific  constituents  of  bile  belong  also  the  bile 
colouring  matters,  of  which  two  occur  in  the  bile  of  most 
vertebrates ; one  red-brown,  bilirubin,  and  the  other  green, 
biliverdin.  The  first  is  readily  converted  into  the  second  by 
oxidation.  According  to  the  preponderance  of  one  or  the 
other,  and  according  to  the  amount  of  each,  the  bile  is  of 
a yellow,  brown,  or  green  colour.  Both  colouring  matters 
have  been  obtained  in  a crystalline  form.  Bilirubin  has 
the  composition  C32H36N406  ; biliverdin,  C32H36N40.ä.  § They 
are  closely  related  to  hsematin  and  hemoglobin,  and  we 
shall  have,  later  on,  to  consider  their  mode  of  origin  from 
the  latter  in  greater  detail.  Both  colouring  matters  behave 
like  acids ; they  form  soluble  compounds  with  metals  of  the 
potassium  group,  insoluble  ones  with  those  of  the  calcium 
group.  Certain  gall-stones  owe  their  origin  to  the  formation 
of  these  insoluble  compounds  in  the  biliary  ducts,  under  con- 


* Strecker,  Ann.  d.  Chem.  u.  Pharm.,  vol.  Is x.  p.  178  : 1849 ; Hoppe-Seyler, 
Journ.  f.  praht.  Chem.,  vol.  lssxis.  p.  283  : 1863. 

t 0.  Jacobsen,  Ber.  d.  deutsch,  chem.  Ges.,  vol.  vi.  p.  1026 : 1873 ; Trifa- 
nowsky,  Plliiger’s  Arch.,  vol.  is.  p.  492 ; Socoloff,  ibid.,  vol.  sii.  p.  54  : 1876  ; 
Hammarsten,  Upsala  Lakareförenings  förhandlingar,  vol.  xiii.  p.  574 : 1 S7S ; 
Hoppe-Seyler,  “Physiologische  Chemie,”  p.  301:  Berlin,  1881.  Gerald  F.  Yeo 
and  E.  F.  Herrouu.,  Journ.  of  Physiol.,  vol.  v.  p.  116  : 18S4. 

t O.  Jacobsen,  loc.  cit.,  p.  1028. 

§ St'ädeler,  Vierteljahrschrift  der  Züricher  naturf.  Ges.,  vol.  viii.  p.  1 : 1863  ; 
Ann.  d.  Chem.,  vol.  cxxxii.  p.  323:  1864;  Thudiokum,  Journ.  f.  praht.  Chem., 
vol.  civ.  p.  193:  1868;  Maly,  Journ.  f.  praht.  Chem.,  vol.  civ.  p.  28:  1868;  or 
Sitznngsber.  d.  Wiener  Alcad.  d.  Wissenseh. , vol.  lvii.  part  ii. : 1868;  vol.  lxx. 
part  3 : July,  1874;  vol.  lxxii.  part  3 : October,  1875;  Ann.  d.  Chem.  u.  Pharm., 
vol.  clxxxi.  p.  106  : 1876. 
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ditions  which  have  not  yet  been  sufficiently  investigated. 
The  amount  of  colouring  matter  in  normal  bile  is  always  very 
small.  Stadelmann  * found,  for  instance,  an  average  of 
0‘16  grm.  of  bilirubin  in  a dog’s  bile  in  twenty-four  hours. 
These  colouring  matters  do  not  appear  to  be  of  any  importance 
in  intestinal  processes. 

Besides  these  specific  constituents,  the  bile  always  con- 
tains soaps,  lecithin  and  cholesterin  (see  Lecture  VI.).  The 
quantity  of  the  latter  is  considerable ; it  may  amount  to  2^ 
per  cent.  It  is  absolutely  insoluble  in  pure  water,  and  is 
kept  dissolved  in  the  bile  by  the  presence  of  soaps  and  bile 
salts.  Under  pathological  conditions,  of  which  nothing 
definite  is  known,  cholesterin  separates  out  in  the  biliary 
ducts  and  forms  concretions,  which  are  partly  pure  and 
partly  mixed  with  bilirubin  and  carbonate  of  lime. 

Lastly,  mucin  belongs  to  the  constant  biliary  constituents. 
This  is  not,  however,  a product  of  the  liver-cells,  but  of  the 
epithelial  cells  which  line  the  mucous  membrane  of  the  larger 
biliary  ducts,  and  especially  of  the  gall-bladder.  The  latest 
and  most  complete  experiments  on  the  chemical  qualities  of 
mucin  have  been  carried  out  by  Landwehr. f He  arrives 

at  the  conclusion  that  mucin  is  a compound  of  albumen 
with  a colloid  carbohydrate,  which  latter  he  designates 
“ animal  gum.” 

I subjoin  the  following  analyses  as  instances  of  the  highly 
variable  quantitative  composition  of  human  bile  : — 

* Erast  Stadelmann,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  xv.  p.  349 : 
1882. 

t H.  A.  Landwehr,  Zeitschr.  f.  physiol.  Chem.,  vol.  viii.  pp.  114,  122  : 
1883;  and  vol.  ix.  p.  361:  1885;  also  Centralb.  f.  d.  med.  Wissensch.,  p.  369: 
1885. 
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Obtained  from  the  Gall-Bladder.  Fistula. 
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These  analyses  show  that  the  bile  obtained  from  the  gall- 
bladder is  much  more  concentrated  than  that  obtained  from 
the  fistula.  It  is,  therefore,  evident  that  an  absorption  of 
water  occurs  in  the  gall-bladder.  The  analyses  of  dog’s  bile 
by  Hoppe-Seyler,H  in  which  he  compared  the  bile  found  in  the 

* Frericks,  Hannover.  Ann.,  Jahrg.  v.  Heft  i. : 1S15. 
f Yon  Gorup-Besatiez,  Prager  Vierteljahr  sehr.,  vol.  iii.  p.  86 : 1851. 

X Trifanowsky,  Pflüger’s  Arch.,  vol.  ix.  p.  492  : 1874. 

§ Hoppe-Seyler,  “Physiologische  Chemie,”  p.  301 : Berlin,  1SS1. 

||  O.  Jacobsen,  Her.  d.  deutsch,  chem.  Ges.,  vol.  vi.  p.  1026  : 1S73.  The  bile 
was  taken,  at  intervals  of  a few  days,  from  a biliary  fistula  open  for  several 
weeks,  the  patient  being  a powerful  man. 

ail  Hoppe-Seyler,  “ Physiologische  Caemie,”  p.  302  : Berlin,  Hirschwald,  1SS1. 
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bladder,  and  collected  while  the  animal  was  fasting,  with  that 
from  a temporary  fistula  on  the  same  animal,  are  in  accor- 
dance with  this  observation. 


ONE  HUNDRED  PARTS  OF  BILE  CONTAIN — 

Bile  from  bladder. 

Bile  from  fistula. 

I. 

n. 

X. 

II. 

Mucin 

0-454: 

0-245 

0-053 

0170 

Taurocholate  of  an  alkali 

11-959 

12-602 

3-460 

3-402 

Cholesterin 

0-449 

0-133 

0-074 

0049 

Lecithin  . . 

2-692 

0-930 

0-118 

0-121 

Fats 

2-841 

0-083 

0-335 

0-239 

Soaps 

3-155 

0-104 

0127 

0T10 

Other  organic  substances,  not  soluble  in  alcohol 

0-973 

0-274 

0-442 

0-543 

Inorganic  substances  not  dissolved  in  alcohol 

0-199 

— 

0-408 

— 

In  the  above:  K„SO,  .. 

0-004 

— 

0-022 

— 

Na,SO, 

0-050 

— 

0046 

— 

NaCl * 

0-015 

— 

0185 

— 

Na„C03  . . 

0 005 

— 

0-056 

— 

Ca„2(PO)4  

0-080 

— 

0039 

— 

FeP04 

0-017 

— 

0021 

— 

CaC03 

0-019 

— 

0-030 

— 

MgO  

0009 

— 

0-009 

— 

Having  ascertained  the  composition  of  the  bile,  we  must 
now  consider  its  uses.  There  has  been  much  dispute  on 
this  point.  Some  have  even  denied  that  it  is  of  any 
essential  use  whatever,  and  have  regarded  it  simply  as  an 
excretion  like  the  urine.  The  fact  that  the  bile  is  poured 
into  the  commencement  of  the  intestine,  into  the  duodenum, 
is  opposed  to  this  view.  If  the  bile  were  an  excretion,  we 
should  expect  the  ductus  choledochus  to  open  into  the  lower 
end  of  the  rectum,  just  as  the  ureter  opens  into  the  cloaca 
in  the  lower  vertebrates.  It  is  impossible  not  to  believe  that 
bile,  in  its  long  passage  through  the  intestines,  must  have  some 
serious  duties  to  perform. 

The  constituents  of  the  bile  are,  to  a very  large  extent, 
reabsorbed  by  the  intestine — a fact  which  is  strongly  opposed 
to  its  being  an  excretion.  The  bile  acids,  which  constitute 
the  most  important  components,  are  split  up,  by  the  ferments 
* The  largest  part  of  the  NaCl  was  dissolved  by  alcohol,  and  not  estimated. 
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contained  in  the  intestine,  into  cholalic  acid  and  taurin  or 
glycocoll;  the  latter,  a very  easily  soluble  substance,  dis- 
appears entirely.* * * §  Of  the  cholalic  acid  only  a very  small 
part  is  separated  by  the  faeces.  Concerning  the  ultimate  fate 
of  the  taurin  nothing  is  known  with  certainty.! 

If  the  bile  were  an  excretion  like  urine,  we  should  expect 
to  find  the  quantity  of  nitrogen  and  sulphur  in  the  bile 
varying  proportionately  with  the  amount  of  proteid  decom- 
posed in  the  body.  As  a matter  of  fact,  this  is  not  the  case. 
We  know  from  the  researches  of  Kunkel!  and  Spiro, § con- 
ducted on  dogs  with  biliary  fistulae,  that  only  a small  part  of 
the  sulphur  and  nitrogen  resulting  from  proteid  metabolism 
appears  in  the  bile,  and  that  it  is  but  very  slightly  increased 
by  a larger  supply  of  food.  When  the  amount  of  albumen 
allowed  the  dog  was  multiplied  eightfold,  the  nitrogen  and 
sulphur  of  the  bile  were  only  doubled. 

All  these  facts  speak  in  favour  of  the  view  that  the  bile 
must  be  regarded  as  a secretion,  like  the  other  secretions 
which  are  poured  into  the  alimentary  canal  and  exert  a 
manifestly  important  influence  on  the  articles  of  food.  But 
the  following  fact  shows  that  the  bile  occupies  a peculiar 
position.  The  secretion  of  the  bile  begins  in  the  third 
month  of  embryonic  life ; the  activity  of  all  the  other  glands 
which  empty  their  secretions  into  the  alimentary  canal  does 
not  commence  till  after  birth,  when  food  is  first  taken.  || 

* On  the  further  fate  of  the  glycocoll,  see  Lecture  XVI. 

f The  most  extended  researches  on  taurin  have  been  made  by  Salkowslri, 
Ber.  d.  deutsch,  ehern.  Ges.,  vol.  v.  heft  xiii. : 1872 ; vol.  vi.  p.  744,  etc. : 1873 ; 
Virchow’s  Arch.,  vol.  lviii.  p.  4G0  : 1873. 

X Kunkel,  “ Unt.  über  den  Stoffwechsel  in  der  Leber : ” Würzburg,  1875 ; Ber. 
d.  such.  Ges.  d.  Wissensch. : November,  1875;  Pflüger’s  Arch.,  vol.  xiv.  p.  344  : 
1876. 

§ Spiro,  Du  Bois’  Arch.,  Suppl.,  p.  50  : 1880  (from  Ludwig’s  laboratory  in 
Leipzig). 

||  Zweifel,  “Unt.  über  den  Verdauungsapparat  des  Neugeborenen:”  Berlin. 
1874.  An  account  of  the  comprehensive  literature  on  the  action  of  the 
digestive  glands  in  embryonic  life  is  to  be  found  in  W.  Preyer’s  “Specitllc 
Physiol,  des  Embryo,”  p.  306 : Leipzig,  1885. 
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It  lias  been  attempted  to  decide  the  question  as  to  the 
function  of  the  bile  in  intestinal  processes,  by  watching  the 
digestive  disturbances  which  occur  when  the  bile  is  with- 
drawn.* It  appears  that  dogs  with  a biliary  fistula  digest 
albumen  and  carbohydrates  as  completely  as  dogs  in  normal 
health.  They  can  be  adequately  fed  on  lean  meat  and  bread. 
Fat  is  the  only  food-stuff  that  they  cannot  entirely  digest,  and 
a considerable  part  of  it — more  than  half  if  much  be  eaten 
— reappears  in  the  excreta,  which  for  this  reason  are  of  a 
light  grey  or  white  colour.  This  is  not  owing  to  the  want  of 
the  bile  colouring  matters,  as  was  originally  thought.  The 
black  colour  of  the  normal  fasces  after  meat  diet  is  not  caused 
by  the  bile  colouring  matters,  but  by  haematin  and  sulphide 
of  iron.  If  the  light  grey  excretion  of  an  animal  with  a 
biliary  fistula  or  of  a jaundiced  person  be  extracted  with  ether, 
w'hich  dissolves  the  fat,  the  dark  colour  is  again  evident.  In 
consequence  of  the  imperfect  absorption  of  the  fat,  the  other 
food-substances  cannot  be  completely  digested.  The  fat 
encloses  the  proteids,  which  become  decomposed  by  the 
putrefactive  organisms  of  the  intestine.  This  explains  the 
putrefactive  smell  of  the  faeces  and  the  intestinal  gases  in 
dogs  with  a biliary  fistula.  The  breath  of  the  animals 
becomes  fetid.  These  symptoms  are  all  absent  when  a diet 
without  fat  is  given. 

Many  of  the  dogs  with  a biliary  fistula  that  have  been 
under  observation  became  very  thin,  and  a few  died  with 
every  symptom  of  starvation.  This  is  readily  comprehen- 

* Schwann,  Arch.  f.  Anat.  u.  Physiol .,  p.  127  : 1844;  Blondlot,  “ Essai  sur  les 
fonctious  du  foie  et  de  ses  annexes : ” Paris,  1846 ; Bidder  and  Schmidt,  loc.  cit. ; 
Köllicker  and  Müller,  Verh.  d.  plugs.  med.  Ges.  zu  Würzburg,  vol.  v.  p.  232  : 1S54 ; 
vol.  vi.  1855 ; Arnold,  “ Zur  Physiol,  der  Galle,”  Denkschrift  für  Tiedemann  : 
Mannheim,  1854 ; and  “ Die  physiol.  Anstalt  der  Universität  Heidelberg  : ” 1858  ; 
C.  Voit,  Beitr.  zur  Biolog.  Festgabe  Th.  Bischoff  zum  Doctorjubil'dum,  Stutt- 
gart, p.  104;  F.  Röhmann,  Ptlüger’s  Arch.,  vol.  xxix.  p.  509:  1882.  The  obser- 
vations on  icteric  patients  are  in  complete  harmony  with  those  on  dogs  with  biliary 
fistulfe.  In  this  connection,  see  Fr.  Müller,  Sitzungsber.  der  physikal.  med.  Ges.  zu 
Wurzburg,  No.  7 : 1885. 
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sible  if  we  consider  how  high  the  heat-equivalent  of  fats 
is,  and  how  difficult  it  is  to  replace  this  potent  source  of 
energy  by  other  articles  of  food.  It  is  necessary  for  this 
purpose  to  consume  very  large  quantities  of  proteid  and  carbo- 
hydrates, and  the  digestion  of  these  substances  is  disturbed 
by  the  presence  of  the  unabsorbed  fat.  Therefore  only  those 
dogs  kept  their  weight  which  were  fed  on  food  as  far  as 
possible  free  from  fat,  and  that  in  very  large  quantities. 

It  is,  therefore,  an  undoubted  fact  that  bile  aids  in  the 
absorption  of  fat.  This  power  is  explained  by  the  emulsifying 
action  on  fats  already  mentioned  (pp.  193-194),  which  the 
bile  possesses  in  common  with  the  pancreatic  and  intestinal 
juices.  In  agreement  with  this  is  the  fact  that  the  withdrawal 
of  the  bile  only  diminishes  the  absorption  of  fat,  and  does  not 
completely  stop  it.  Possibly  it  is  not  only  the  emulsifying 
action  of  the  bile  which  assists  in  the  absorption  of  fat. 
Wistinghausen  * showed  that  when  oil  is  separated  from  a 
watery  fluid  containing  bile  in  solution,  by  an  animal  mem- 
brane soaked  in  bile,  it  filters  through  without  ary  pressure, 
whereas  it  can  only  be  made  to  pass  through  a membrane 
soaked  in  water  by  the  employment  of  high  pressure.  But 
the  intestinal  wall  does  not  behave  like  a dead  membrane. 
Thanhoffer,|  who  first  observed  in  the  frog’s  intestine  the 
active  functions  of  the  epithelial  cells  in  the  absorption  of  fats 
(compare  above,  pp.  3 and  4),  also  mentions  that  the  move- 
ment of  the  protoplasmic  processes  becomes  more  active 
when  the  epithelial  cells  are  moistened  with  bile. 

No  action  of  bile  on  albumen  could  be  demonstrated  in 
experiments  on  artificial  digestion.  A slight  diastatic  effect 
was  indeed  noticed,  but,  for  the  reasons  above  stated 
(pp.  203-204),  no  weight  can  be  attached  to  this  observation. 

* Wistinghausen,  “ Experimenta  qiuedam  endosmotica  de  bilis  in  absorp- 
tione  adipum  neutralium  partibus,”  Dissert. : Dorpat,  1851.  A translation  of 
this  dissertation  was  published  by  J.  Steiner  in  Du  Bois’  Arch.,  p.  137:  1S73. 

f Ludwig  von  Tlianlioifer,  Ptiüger’s  Arch.,  vol.  viii.  p.  408 : 1874. 
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An  antiseptic  property  lias  also  been  ascribed  to  bile,  on 
account  of  the  putrefactive  phenomena,  mentioned  above, 
which  appeared  in  the  intestine  of  animals  provided  with  a 
biliary  fistula.  But,  as  was  then  shown,  these  signs  of  putre- 
faction are  capable  of  another  explanation  : they  depend  only 
indirectly  upon  the  absence  of  the  bile.  For  as  the  bile 
cannot  even  protect  itself  from  putrefaction,  it  is  evident 
that  it  can  have  but  little  antiseptic  power.  Any  one  who 
has  experimented  with  bile  knows  that  it  emits  a strong 
putrefactive  odour  after  a few  days,  even  when  kept  at  the 
temperature  of  a dwelling-room.  The  doctrine  of  the  anti- 
septic properties  of  bile  has  recently  again  found  sup- 
porters in  Maly  and  Emicli.*  They  affirm  that  the  biliary 
acids,  and  especially  taurocholic  acid,  prevent  '/the  develop- 
ment of  putrefactive  organisms,  and  that  taurocholic  acid  in 
many  cases  is  nearly  as  powerful  as  salicylic  acid  and  phenol. 
This  view  has  been  confirmed  by  Lindberger.-f  But  still  it 
is  only  the  free  biliary  acids  that  hinder  putrefaction,  and 
not  the  salts.  This  explains  why  bile  itself,  which  is  alka- 
line or  neutral,  rapidly  decomposes  outside  the  body,  whereas 
the  biliary  acids  can  only  develop  their  antiseptic  properties 
in  the  upper  portion  of  the  small  intestine,  where  an  acid 
reaction  prevails. 

* Maly  and  Fr.  Emich,  Monatshefte  f.  Chem.,  vol.  iv.  p.  89  : 1883. 

t V.  Lindberger,  Bulletin  de  la  soc.  imp.  des  naturalistes  de  Moscou  : 1881. 
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LECTÜEE  XII. 

THE  PATHS  OP  ABSORPTION,  AND  THE  IMMEDIATE  DESTINATION 
OP  THE  ABSORBED  FOOD-STUFFS. 

We  have  hitherto  been  considering  the  fate  of  the  food- 
substances  in  the  intestine,  and  the  preparation  they  undergo 
previous  to  absorption.  Our  attention  must  now  be  given 
to  the  paths  wdiicli  the  food-stuffs  follow  in  undergoing 
absorption. 

The  investigations  of  Ludwig  and  of  his  pupils  Bbhrig,* 
Zawilsld,t  von  Mering,J  and  Schmidt-Mülheim, § have  thrown 
an  unexpected  light  on  this  subject.  Till  quite  recently,  it 
was  commonly  assumed  that  the  main  stream  of  nutriment 
passed  from  the  intestine  through  the  thoracic  duct.  But 
Ludwig’s  experiments  have  shown  that  it  is  only  the  fats 
which  take  this  path.  The  whole  stream  of  watery  solutions, 
carbohydrates,  proteids,  salts,  etc.,  proceeds  from  the  intestine 
to  the  heart,  through  the  portal  system  and  the  liver.  The 
watery  solutions  penetrate  the  walls  of  the  capillaries  which 
form  a network  on  the  internal  surface  of  the  intestine,  and 
enter  the  blood  direct.  The  droplets  of  fat  alone  are  brought 
to  the  commencement  of  the  lacteals  by  the  active  movements 
of  the  epithelial  cells.  || 

* A.  Böhrig,  ßer.  d.  sächs.  Ges.  d.  Wissensch.  Math.  phys.  Classe,  vol.  xxvi. : 
1874. 

t Zawilski,  Arbeiten  aus  der  physiol.  Anstalt  zu  Leipzig,  p.  147  : 1876. 

X von  Mering,  Du  Bois’  Arch.,  p.  379  : 1877. 

§ A.  Schmidt-Mülheiin,  ibid.,  p.  549. 

||  For  the  primary  course  of  the  fat-drops  in  absorption,  comp  ire  above,  pp.  3 
and  4. 
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If,  in  a living  clog,  the  spot  where  the  thoracic  duct  opens 
into  the  jugular  vein  * be  laid  bare,  a canula  may  be  intro- 
duced into  the  duct,  and  the  amount  of  chyle  that  flows 
out  in  a given  time  estimated.  The  astonishing  fact  was 
discovered  that  the  amount  was  no  greater  during  digestion 
than  in  a fasting  animal. t The  sole  difference  was  that  the 
fluid  was  transparent  in  the  case  of  fasting  animals,  whereas, 
after  food,  it  was  white  and  opaque  from  the  presence  of 
minute  particles  of  fat. 

On  the  other  hand,  the  amount  of  sugar  in  the  chyle  was 
not  found  to  he  greater  during  the  digestion  of  starch  and 
sugar  than  in  the  fasting  animal — O'l  to  0'2  per  cent.J  The 
amount  of  sugar  in  the  chyle  was  always  the  same  as  in 
the  lymph  from  the  cervical  lymphatic  trunks,  and  in  the 
serum  § of  the  arterial  blood.  The  sugar  of  the  chyle  had, 
therefore,  passed  through  the  walls  of  the  intestinal  capil- 
laries into  the  chyle-vessels  along  with  the  blood-plasma. 
From  inside  the  intestine  no  sugar  could  get  through  into 
the  chyle. 

Three  hundred  and  fifty  cubic  centimetres  of  chyle,  con- 
taining only  0’45  grm.  of  sugar,  flowed  during  the  space  of 
four  and  a half  hours  from  the  thoracic  duct  of  a dog,  after 
it  had  eaten  100  grms.  of  grape-sugar  and  100  grms.  of 
starch.  || 

We  must,  therefore,  conclude  that  the  sugar  reaches  the 
capillaries  and  the  portal  system  direct  from  the  intestine. 
Mering’s  observations,  dealing  especially  with  this  point,  lead 
to  the  same  conclusion.  In  a fasting  animal,  the  amount 
of  sugar  is  as  great  in  the  blood-serum  of  the  portal  vein  as 

* For  the  mode  of  operation  and  the  precautions  adopted  during  the  sub- 
sequent post-mortem,  see  A.  Röhrig,  loc.  ait.,  pp.  12,  13;  and  Schmidt-Mülheim, 
loc.  cit.,  pp.  559-561. 

t Zawilski,  loc.  cit.,  pp.  161,  162. 
t von  Moring,  loc.  cit.,  pp.  382-381,  398. 

§ The  blood-corpuscles  contain  no  sugar,  or  only  a trace  of  it  (see  vou 
Mering,  loc.  cit.,  p.  382;  and  A.  M.  Bleile,  Du  Bois’  Arch.,  p.  62 : 1879). 

||  von  Mering,  loc.  cit.,  p.  398. 
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it  is  in  the  serum  of  the  hepatic  veins  and  of  the  arterial 
blood.  After  a diet  of  carbohydrates,  the  quantity  of  sugar 
increases  in  the  blood-serum  of  the  portal,  hut  not  in  that 
of  the  hepatic  veins.* 

It  appears  to  me  that  these  facts  may  he  most  readily 
interpreted  as  follows.  The  liver  has  the  duty  of  regulating 
the  amount  of  sugar  in  the  blood.  Sugar  is  important  as 
a source  of  energy,  as  material  for  the  work  performed  by 
muscle  and  other  organs.  It  is  essential  that  this  material 
should  circulate  through  the  capillaries  of  the  organs  in  the 
necessary  proportion.  In  fact,  the  amount  of  sugar  in  the 
blood  has  always  been  found  tolerably  constant,  and  this  in 
many  investigations,  and  under  the  most  varied  conditions, 
both  in  a state  of  starvation  and  in  repletion.  The  amount 
varies  in  the  total  blood  between  0’05  and  0’15  per  cent.,  and 
is  seldom  more  than  0‘2  per  cent.  As  soon  as  there  is  more 
than  0'3  per  cent.,  caused  by  injection  of  solutions  of  sugar 
into  the  blood,  or  under  pathological  conditions,  some  of  it 
passes  into  the  urine.  A surplus  of  sugar  in  the  blood  is 
normally  prevented  by  the  liver.  As  soon  as  the  amount 
of  sugar  in  the  portal  blood  is  increased  by  the  digestion  of 
carbohydrates,  and  threatens  to  increase  that  of  the  total 
blood,  the  liver  retains  some  of  the  sugar,  and  stores  it  up 
in  its  cells  in  the  form  of  a colloid  carbohydrate,  glycogen, 
which  must  be  regarded  as  a polymerisation-product  of  sugar 
(compare  Lecture  XVIII.).  But  as  soon  as  some  of  the  sugar 
has  been  used  up  in  the  organs,  and  the  amount  in  the  blood 
is  about  to  sink  below  the  normal,  the  liver  gives  up  a part 
of  its  store.  The  liver  contains  a ferment  which  can  at  any 
time  reconvert  the  glycogen  into  sugar  by  a process  of 


* Von  Mering,  loc.  cit.,  pp.  410-415.  A description  of  the  perfected  method 
of  obtaining  blood  from  the  portal  and  hepatic  veins  is  given  at  pp.  407-410.  A 
summary  of  the  earlier  literature  on  the  amount  of  sugar  in  the  blood  of  the 
portal  and  hepatic  veins,  and  an  account  of  the  long  contest  on  this  subject, 
will  be  found  at  pp.  402-406. 
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decomposition  accompanied  by  hydration.  This  sugar- 
reaches  the  heart  by  the  blood  in  the  hepatic  veins.* 

If  we  pursue  this  teleological  consideration,  the  question 
arises  as  to  the  reason  why  the  amount  of  fat  in  the  blood  is 
not  regulated  in  the  same  way?  The  stream  of  fat  being 
poured  freely  into  the  innomminate  vein  goes  almost  directly 
to  the  heart.  May  not  this  be  fraught  with  danger  ? The 
blood  is,  in  fact,  frequently  overflooded  by  the  stream  of  fat. 
If  blood,  which  has  been  taken  from  a dog  a few  hours  after 
a meal  containing  an  abundance  of  fat,  be  defibrinated,  the 
serum  separated  out  after  the  blood-corpuscles  have  sunk, 
appears  as  white  as  milk,  occasionally  with  a regular  cream- 
like layer  on  the  top.  This  abundance  of  fat  in  the  blood 
is  quite  harmless,  because  the  fat-droplets  are  so  small  that 
they  circulate  without  hindrance  through  the  capillaries. 
The  fat  gradually  disappears  from  the  blood,  for  the  obvious 
reason  that  it  travels  through  the  walls  of  the  capillaries,  and 
becomes  stored  up  in  the  cells  of  the  connective  tissue  (com- 
pare Lecture  XX.).  It  is  impossible  for  the  fat  to  be  decom- 
posed within  the  vessels,  since,  as  we  know,  processes  of 
oxidation  never  take  place  in  the  blood  (see  Lecture  XIV.). 

The  fat  which  reaches  the  blood  under  abnormal  con- 
ditions behaves  very  differently.  In  comminuted  fractures  of 
the  bones  causing  a destruction  of  the  marrow,  which  contains 
a great  deal  of  fat,  or  when  the  soft  parts  containing  much 
fat  are  damaged  in  any  way,  fat -droplets  are  often  drawn  into 
the  lymph-vessels  and  carried  with  the  lymph  into  the  blood. 
If  the  amount  of  fat  is  considerable,  the  larger  particles  of 
fat  block  the  pulmonary  capillaries  over  wide  areas,  oedema 

* The  amount  of  sugar  in  the  blood  of  the  hepatic  veins  must  accordingly  be 
sometimes  smaller  and  sometimes  greater  than  that  in  the  portal  blood,  which 
explains  the  apparent  discrepancy  among  the  investigators.  It  must  also  bo 
remembered  that  in  oonsequence  of  the  abnormal  irritation  of  the  liver,  caused 
by  obtaining  the  blood  from  the  hepatic  vein,  a decrease  of  glycogen  and  an 
increase  of  sugar  in  the  blood  of  the  hepatic  vein  is  very  liable  to  occur  (compare 
A.  M.  Bleile,  Du  Bois’  Arch.,  pp.  71,  75  : 1878). 
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of  the  lungs  is  set  up,  and  it  occasionally  happens  that  the 
patient  dies  with  all  the  signs  of  increasing  dyspnoea.  The 
fat  may  in  these  cases  seek  a way  out  through  the  kidneys, 
and  the  occurrence  of  droplets  of  fat  in  the  urine  after 
fractures  of  hone  is  not  at  all  uncommon. 

The  question  might  now  he  raised  as  to  why  this  fat, 
which  reaches  the  blood  from  the  tissues,  is  not  emulsified 
into  minute  droplets,  seeing  that  the  blood  contains  carbonate 
of  sodium  and  other  basic  alkaline  salts.  The  answer  is  to  be 
found  in  the  fact,  already  mentioned  (p.  193),  that  carbonate 
of  sodium  can  only  emulsify  fat  which  has  a little  free  fatty 
acid  mixed  with  it,  and  not  neutral  glycerides  such  as  fresh 
fats  are.  But  no  fat  can  be  fresher  than  when  it  comes 
straight  from  the  living  tissues  into  the  current  of  blood. 

It  has  not  yet  been  decided  whether  all  fat  passes  from 
the  intestine  into  the  lacteals,  or  whether  a part  enters  the 
blood  directly  through  the  walls  of  the  capillaries  of  the 
intestinal  villi.  Even  if  a portion  does  take  the  latter  path, 
it  appears  to  be  inconsiderable.  Zawilsky  found  very  little 
fat  in  the  blood  of  a dog,  which  had  been  fed  on  a highly 
fatty  diet,  and  whose  chyle  was  drawn  off.  If  fat  passed  into 
the  capillaries  of  the  intestinal  villi  to  any  extent,  we  should 
expect  to  find  that  an  abundant  diet  of  fat  would  be  followed 
by  a perceptibly  larger  increase  in  the  portal  than  in  the 
arterial  blood.  Comparative  estimates,  made  in  Heidenhain’s 
laboratory,  showed  that  there  was  the  same  amount  of  fat  in 
both  kinds  of  blood.*  An  average  of  five  analyses  of  blood 
from  the  same  number  of  dogs  gave — 


Dry  residue. 

Amount  of  fat  in 
total  blood. 

Amount  of  fat  in  dry 
residue. 

Carotid  . . 

22-34  per  cent. 

0-86  per  cent. 

3-65  per  cent. 

Portal  vein 

22-84 

0-85  „ 

3-35  „ 

The  only  question  that  remains  for  us  to  consider  refers 


* Heidenhain,  Pfliiger’s  Arch.,  vol.  xli.  Suppl.  heft,  p.  95:  1S8S. 
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to  the  path  the  proteids  take  in  order  to  become  absorbed. 
There  are  special  difficulties  to  contend  against  in  experi- 
ments on  this  subject,  because  proteids  already  form  the 
chief  constituents  of  blood  and  lymph.  If  we  'consider  how 
large  is  the  amount  of  blood  which  passes  through  the  intes- 
tinal capillaries,  we  cannot  expect  to  be  able  to  trace  an 
increase  of  albumen  in  the  blood  in  consequence  of  intestinal 
absorption.  Ludwig  and  Schmidt  - Mülheim,  therefore, 
adopted  another  method.  They  tied  the  thoracic  duct,  and 
found  that  this  did  not  in  any  way  prevent  the  absorption 
of  the  proteid,  and  that,  therefore,  the  proteid  takes  the  other 
path,  through  the  portal  vein.  I will  here  quote  one  of  these 
experiments.* 

Weight  of  dog,  14 '73  kgrms.  The  dog,  which  had  pre- 
viously fasted  for  four  days,  passed  all  his  urine  before  the 
operation.  The  jugular  and  subclavian  veins  and  lymphatic 
ducts  on  both  sides  were  now  tied.  An  hour  after  the 
operation,  and  again  on  the  following  afternoon,  the  dog  ate 
on  each  occasion  400  grms.  of  meat ; and  the  whole  time  was 
in  excellent  condition.  Forty-eight  hours  after  the  operation, 
the  animal  was  killed  by  opening  the  carotid.  On  post- 
mortem examination,  the  chyle  was  found  completely  shut  off 
from  the  blood-vessels.  The  alimentary  canal  contained 
7*37  grms.  N.  It  thus  appears  that  583*24  grms.  of  meat 
were  absorbed  after  complete  interruption  of  the  chyle-current. 
The  urine  secreted  after  the  operation  contained  21*95  N,  an 
amount  corresponding  to  the  food  absorbed. 

Four  other  experiments  carried  out  in  the  same  manner 
gave  the  same  result.  We  thus  see  that  albumen,  like  all 
food-substances  dissolved  in  water,  enters  the  blood  directly 
through  the  walls  of  the  intestinal  capillaries. 

The  question  now  arises,  whether  all  albumen,  in  order 
to  be  able  to  follow  this  path,  must  be  peptonized  beforehand, 
or  whether  a portion  of  the  albumen  is  absorbed  as  such. 

* Sclimidt-Miilheim,  loc.  oit.,  p.  565,  Exp.  5. 
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There  is  no  ä priori  ground  for  supposing  that  proteid  is 
not  absorbed  unchanged.  If  fat-droplets,  visible  under  the 
microscope,  and  even  entire  leucocytes,  can  leave  the  blood- 
capillaries  and  travel  through  the  tissues,  why  may  not  a 
proteid  molecule  find  its  way  through  the  capillary  wall  ? 
Yoit  and  Bauer  have  endeavoured  to  prove  this  experi- 
mentally.* A coil  of  small  intestine  of  a live  dog  or  cat  was 
cleansed  of  all  contents,  and  a piece  of  a certain  length  was 
tied  at  both  ends  with  a double  ligature  ; a solution  of  proteid 
was  then  injected  into  this  ligatured  piece,  the  coil  replaced, 
and  the  wound  in  the  stomach  closed.  The  percentage  of 
proteid  contained  in  the  solution  being  known,  the  operators 
estimated  the  quantity  injected  by  the  loss  of  weight  of  the 
syringe  used.  After  a few  hours  the  animal  was  killed,  and 
the  amount  of  proteid  in  the  piece  of  intestine  was  estimated. 
It  was  invariably  found  that  a considerable  portion  had 
disappeared  in  from  one  to  four  hours — from  16  to  33  per 
cent,  of  egg-albumen,  from  28  to  95  per  cent,  of  acid  albumen 
prepared  from  muscle.  Yoit  and  Bauer  refute  the  obvious 
objection  that  the  coil  of  small  intestine  was  not  thoroughly 
cleansed  from  the  peptic  and  pancreatic  ferments,  as  they 
found  that  the  remainder  of  the  proteid  in  the  piece  that  had 
been  tied  was  always  completely  coagulable  by  boiling.  No 
peptone  was  present  with  the  proteid. 

Yoit  and  Bauer  have  also  injected  solutions  of  proteid  into 
the  rectum  of  fasting  dogs,  and  determined  the  absorption  of 
the  unchanged  proteid  from  the  increased  secretion  of  urea. 
Eichhorst  f draws  the  same  conclusion  from  similar  experi- 
ments. These  experiments  are  open  to  the  objection  that 
the  pancreatic  ferment  may  extend  into  the  rectum.  The 
experiments  of  Czerny  and  Latschenberger, J however,  are 
free  from  this  objection,  because  they  were  made  on  a man 

* C.  Voit  and  J.  Bauer,  Zeitschr.  f.  Biolog.,  vol.  v.  p.  562  : 1869. 

-f  Hermann.  Eichhorst,  Pfliiger’s  Arch.,  vol.  iv.  p.  5 7 0 : 18/1. 

x Y.  Czerny  and  J.  Latsohenberger,  Virchow’s  Arch.,  vol.  lix.  p.  161  : 1871. 
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with  an  artificial  anus  at  the  sigmoid  flexure.  The  rectum 
could  be  syringed  quite  clean  through  the  fistula.  If  a 
solution  of  proteid  were  then  injected,  and  the  rectum  again 
washed  out  after  from  twenty-three  to  twenty-nine  hours,  it 
was  found  that  from  60  to  70  per  cent,  of  the  proteid  had 
disappeared. 

A few  authors  have  gone  so  far  as  to  maintain  that  only 
the  unaltered  proteid  is  of  any  use  after  absorption  in 
replacing  the  proteid  used  up  in  the  tissue,  and  that  the 
peptones,  on  the  contrary,  undergo  rapid  further  decompo- 
sition, and  only  serve  as  sources  of  energy. 

Certain  facts  seem  to  agree  with  this  view.  A fasting 
animal  is  very  economical  with  its  store  of  proteid,  and  its 
excretion  of  urea  is  very  limited ; whereas,  after  a meal 
consisting  largely  of  proteids,  an  amount  of  nitrogen  closely 
corresponding  to  the  proteid  eaten  reappears  in  the  urine  in 
the  course  of  the  next  twelve  hours.  It  might  a,  priori  be 
expected  that  the  nitrogenous  equilibrium  would  be  maintained 
if  a fasting  dog  were  to  eat  as  much  proteid  as  corresponds  to 
the  nitrogen  excreted  in  hunger,  together  with  plenty  of  non- 
nitrogenous  food.  It  might  be  thought  that  it  would  be  in- 
different whether  the  necessary  proteid  were  derived  from  the 
food  or  from  the  animal’s  own  tissues.  But  it  is  not  so.  If 
a fasting  dog  be  given  only  as  much  proteid  as  corresponds  to 
the  proteid  used  up  in  fasting,  it  still  goes  on  using  up 
the  nitrogenous  constituents  of  its  own  tissues.  Nitrogenous 
equilibrium,  i.e.  the  condition  in  which  the  animal  excretes 
no  more  nitrogen  than  he  takes  in,  is  not  established  until 
three  times  as  much  proteid  is  given.* 

Ludwig  and  Tsehiriew  f injected  into  the  vein  of  a dog 
defibrinated  blood  from  another  dog.  This  only  caused  an 
inconsiderable  increase  of  nitrogenous  excretion.  But  if  they 
gave  the  dog  the  same  quantity  of  blood  by  the  mouth,  the 

* Voit,  Zeitsohr.  f.  Biolog.,  vol.  iii.  pp.  29,  30  : 1807. 

t S.  Tachiriow,  Arbeiten  aus  dem  physiol.  Institut  zu  Leipzig,  p.  441  : 1874. 
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excretion  of  nitrogen  rose  proportionately  to  the  amount 
given.  Forster  * attained  the  same  result  in  similar 
experiments. 

Proteid,  therefore,  behaves  very  differently  according 
to  the  way  in  which  it  reaches  the  blood  and  the  tissues. 
When  taken  up  from  the  intestine,  it  rapidly  undergoes  a 
destructive  metabolism. 

This  fact  was  quoted  in  support  of  the  theory  that 
peptones  are  not  assimilable.  It  was  claimed  that  proteids 
absorbed  from  the  intestine,  being  mostly  peptonized,  must 
therefore  go  on  decomposing  rapidly  ; and,  further,  that  only 
that  portion  of  the  proteid  which  is  absorbed  as  such  can  be 
used  in  building  up  the  tissues. 

But  the  facts  are  capable  of  another  interpretation,  for 
we  now  know  that  the  peptones  are,  after  absorption,  re- 
generated into  proteid.  The  following  experiments  show 
this  to  be  the  case. 

Plosz  f fed  a dog  ten  weeks  old  for  eighteen  days  on  an 
artificial  milk,  in  which  the  casein  and  the  proteids  were 
replaced  by  peptones.  The  animal  kept  its  health  on  this 
diet,  and  its  weight  increased  from  1385  to  1836  grms.,  or 
37'5  per  cent.  It  is  very  improbable  that  the  weight  could 
increase  so  much  without  a corresponding  growth  of  the 
tissues  containing  proteid,  which  must,  therefore,  have  formed 
from  the  peptones  of  the  food. 

Plosz  and  Gyergyai  $ made  a second  experiment  on  a 
full-grown  dog.  The  animal  was  fed  for  six  days  on  an 
artificial  mixture,  containing  peptone  instead  of  proteid. 
During  this  time  the  weight  increased  somewhat,  and  the 
excretion  of  nitrogen  was  a little  less  than  that  taken  in. 
This  experiment,  again,  can  only  be  interpreted  to  mean  that 
proteid  had  been  formed  from  the  peptones. 

* J.  Forster,  Zeitsclir.  f.  Biolog.,  vol.  ii.  p.  496  : 1875. 

t P.  Plosz,  Pfliiger’a  Arcli.,  vol.  ix.  p.  323:  1874.  Compare  Maly,  ibid.,  vol. 
ix.  p.  609  : 1874. 

J P.  Plosz  and  A.  Gyergyai,  ibid.,  vol.  x.  p.  545  : 1875. 
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The  proteid  stored  in  the  animal  tissues  may  come  from 
two  sources : from  that  which  has  been  absorbed  unaltered, 
and  from  that  formed  by  the  regeneration  of  the  peptones. 
But  what  quantitative  proportion  do  they  bear  to  each  other  ? 
How  large  is  the  portion  of  the  proteid  of  the  food  which  is 
peptonized  in  the  intestine  ? Schmidt-Mülheim  * * * § tried  to 
find  an  answer  to  this  in  the  following  manner.  He  fed  six 
dogs  on  boiled  meat,  killed  them  one,  two,  four,  six,  nine, 
and  twelve  hours  after  the  meal,  and  examined  the  contents 
of  stomach  and  intestine.  In  each  case  he  found  considerably 
more  peptone  than  dissolved  proteid,  both  in  stomach  and 
intestine.  It  thus  appears  that  the  greater  part  of  the  proteid 
became  absorbed  after  peptonization. 

What  is  the  fate  of  peptones  after  absorption  ? They  are 
either  not  found  at  all  or  only  in  very  small  amount,  in  the 
blood  of  digesting  animals.  Schmidt-Mülheim  gives  the 
maximum  as  O' 028  per  cent,  of  serum  ; Hofmeister  found 
that  it  amounted  to  as  much  as  0'055  per  cent,  of  the  total 
blood.  Peptones  are  not  found  in  the  blood  of  fasting 
animals. t As  might  be  expected,  they  cannot  be  detected  in 
chyle,  not  even  when  they  are  found  in  the  blood.J  If  pep- 
tone be  injected  into  the  blood,  it  passes  into  the  urine,  § and 
none  can  be  traced  in  the  blood  after  from  ten  to  sixteen 
minutes.H  Hofmeister  has  Bhown  also,  that  after  subcutane- 
ous injection  the  greater  part  of  the  peptone — as  much  as  72 
per  cent. — reappears  in  the  urine. IT 

As  normal  urine  never  contains  peptone,  the  peptone 

* Schmidt-Mülheim,  Du  Bois’  Arch.,  p.  43  : 1879. 

t Ibid.,  pp.  38-42:  1880;  Hofmeister,  Zcitschr.  f.  physiol.  Chem.,  vol.  v.  p. 
149 : 1881  ; and  vol.  vi,  p.  60,  et  seq. 

t Schmidt-Miilhoim,  Du  Bois’  Arch.,  p.  41 : 1880;  Hofmeister,  Arch.  f.  exper. 
rath.  u.  Pharm.,  vol.  xix.  p.  17:  1885. 

§ P.  Plosz  and  A.  Gyergyai,  Pflüger’s  Arch.,  vol.  x.  p.  552:  1875;  Fr. 
Hofmeister,  Zcitschr.  f.  physiol.  Chem.,  vol.  v.  p.  181  : 1881. 

||  Schmidt-Mülheim,  Du  Bois’  Arch.,  pp.  46-48 : 1880;  Fano,  ibid.,  p.  281 
1881. 

H Fr.  Hofmeister,  Zcitschr.  f.  physiol.  Chem.,  vol.  v.  pp.  132-137:  1881. 
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absorbed  from  the  intestine  must  be  prevented,  by  some  means 
or  other,  from  passing  into  this  secretion.  The  larger  portion 
does  not  apparently  enter  the  general  circulation  as  peptone, 
but  is  previously  converted  into  proteid.  But  where  does 
this  regeneration  of  peptone  to  proteid  take  place  ? Is  it  in 
the  liver  ? If  the  peptones  are  considered  as  decomposition- 
products  from  albumen,  then  the  formation  of  proteid  from 
peptone  would  be  analogous  to  the  formation  of  glycogen 
from  sugar  in  the  liver.  But  the  portal  blood  either  contains 
no  peptone,  or  not  more  than  arterial  blood.* 

The  only  remaining  supposition  is  that  the  conversion 
of  peptones  into  albumen  takes  place  mostly  within  the 
intestinal  walls.  The  facts  observed  by  Hofmeister  are  in 
harmony  with  this  view.  He  most  carefully  examined  the 
viscera  of  dogs  while  digesting,  and  found  that  the  stomach 
and  intestinal  wall  are  the  only  parts  of  the  body  in  which 
a supply  of  peptone  is  always  found  during  digestion.  In 
most  cases  small  quantities  of  peptones  were  also  found 
in  the  blood,  and  in  four  out  of  ten  cases  in  the  spleen.  No 
peptone  was  ever  detected  in  any  other  organs  or  tissues. f 
Hofmeister  has  also  shown  that  the  peptones  are  always 
stored  in  the  mucous  membrane,  and  never  in  the  muscular 
walls  of  the  alimentary  canal. J 

Lastly,  Hofmeister  has  discovered  the  important  fact  that 
peptone  soon  undergoes  a change  in  the  gastric  and  intestinal 
wall.§  The  stomach  of  an  animal,  immediately  after  it  had 
been  killed,  was  divided  into  two  symmetrical  halves  by 
incisions  in  the  large  and  small  curvatures,  or  else  a piece 
of  intestine  was  separated  by  two  incisions  lengthwise  into 
two  equal  portions.  The  mucous  membrane  was  washed 
with  a dilute  solution  of  common  salt,  one  half  was  thrown  at 

* Sclimidt-Mülheim,  Du  Bois’  Arch.,  p.  43  : 1880. 

t Hofmeister,  Zeitschr.  f.  physiol.  Chem.,  vol.  vi.  p.  51 : 1882. 

X Hofmeister,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  xix.  pp.  9,  10 : 1885. 

§ Hofmeister,  Zeitschr.  f.  physiol.  Chem.,  vol.  vi.  pp.  69-73;  and  Arch.  f.  exper. 
Path.  u.  Pharm.,  vol.  xix.  pp.  8-15 : 1885. 
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once  into  boiling  water,  whereas  the  other  one  was  previously 
put  for  a little  time  into  a moist  chamber  at  40°  C.  Far  more 
peptone  was  always  found  in  the  first  half  than  in  the  second. 
If  the  second  half  were  not  placed  in  the  boiling  water  for 
two  or  three  hours,  no  peptone  was  ever  found  in  it.  It  is 
for  teleological  reasons  very  improbable  that  the  peptone  is 
further  split  up  in  the  mucous  membrane.  One  can  only 
suppose  that  the  peptone  is  reconverted  into  proteid  in  the 
mucous  membrane  of  the  digestive  canal.  That  it  is  a vital 
process  is  rendered  probable  from  a fact  observed  by 
Hofmeister.  If  one  half  of  the  stomach  were  thrown  at  once 
into  boiling  water,  and  the  other  kept  in  water  at  60°  C.  for 
a few  minutes  before  being  placed  for  two  hours  in  a tem- 
perature of  40°  C.,  the  amount  of  peptone  proved  to  be  the 
same  in  both  halves.  A temperature  of  60°  C.  has  been  found 
by  experience  to  destroy  living  animal  cells,  but  not  the 
unorganized  ferments.  The  conversion  of  peptone  into  proteid 
must,  therefore,  be  brought  about  by  the  vital  functions  of 
the  surviving  cells  of  the  extirpated  stomach. 

The  following  observation,  made  by  Salvioli  * in  Ludwig’s 
laboratory  in  Leipzig,  perfectly  agrees  with  these  results  of 
Hofmeister’s.  A coil  of  small  intestine,  wij;h  the  piece  of 
mesentery  attached,  was  cut  out  of  a dog  that  had  just  been 
killed.  One  gramme  of  peptone  in  10  c.cms.  solution  was 
placed  in  the  piece  of  intestine,  and  the  ends  closed.  Then, 
after  tying  the  collateral  vessels,  a current  of  warm  defibrinated 
blood,  diluted  with  a solution  of  common  salt,  was  directed 
into  a branch  of  the  mesenteric  artery,  and  allowed  to  flow 
out  again  by  the  corresponding  vein.  Whilst  the  blood 
circulated,  the  intestine  showed  marked  peristalsis.  After 
the  current  had  lasted  four  hours,  the  intestinal  contents  were 
examined,  and  were  found  to  consist  of  about  half  a gramme 
of  coagulable  albumen,  with  mere  traces  of  peptone.  Nor 
was  there  any  peptone  in  the  blood  that  had  made  the  circuit. 

* Gaetano  Salvioli,  Du  Boia’  Arch.,  Suppl.,  p.  112  ; 1880. 
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But  if  peptone  were  added  to  the  blood  beforehand,  it  was 
always  found  unaltered  at  the  end  of  the  experiment.  The 
peptone,  therefore,  disappears  in  the  intestinal  wall  on  the 
way  from  the  intestinal  contents  into  the  blood. 

I must  now  return  to  an  observation  on  the  behaviour 
of  peptones,  and  discuss  it  in  somewhat  greater  detail.  We 
have  seen  that  the  reconversion  of  peptones  into  albumen 
within  the  intestinal  wall  is  usually  not  very  complete;  a 
part  of  the  peptone  generally  passes,  unchanged  by  digestion, 
into  the  blood.  Now,  what  is  the  further  fate  and  the  signifi- 
cance of  this  portion?  Why  does  it  not  pass  into  the  urine, 
considering  that  the  peptone  artificially  introduced  into  the 
blood  does  so  at  once  ? Hofmeister  * remarked  this  fact, 
for  he  calculated  that  the  amount  of  peptone  which  reached 
the  blood  after  subcutaneous  injection,  and  passed  into  the 
urine,  was  much  less  than  the  quantity  that  was  found  in 
the  blood  of  animals  while  digesting,  and  which  did  not  pass 
into  the  urine  (compare  p.  227).  Thus  the  peptone  that 
has  entered  the  blood  from  the  intestine  behaves  differently 
from  that  which  reaches  it  in  any  other  way.  Hofmeister 
explains  this  fact  by  saying  that  the  peptone  which  has 
reached  the  blood  from  the  intestine  is  not  contained  in  the 
plasma,  but  in  the  lymph-cells.  The  reasons  which  cause 
him  to  adopt  this  view  are  as  follows : — 

1.  Considerable  quantities  of  peptone  are  found  in  pus, 
and,  moreover,  principally  or  even  exclusively  in  the  pus-cells, 
which  are  identical  with  the  lymph-cells  and  the  colourless 
blood-corpuscles  or  leucocytes. f 

2.  When  the  blood  of  an  animal  was  examined  during 
digestion,  the  serum  was  free  from  peptone ; whereas  the 
uppermost  layer  of  the  blood-clot,  which  always  exhibits  most 
leucocytes  (compare  Lecture  XIII.),  was  found  to  contain  0‘09 
per  cent,  of  peptone. i 

* Hofmeister,  Zeitschr.  f.  physiol.  Chem.,  vol.  v.  p.  148:  1881. 

f Ibid.,  vol.  iv.  p.  274,  et  seq. : 1880.  + Ibid.,  vol.  vi.  p.  67  : 1882. 
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3.  The  percentage  of  peptone  in  the  spleen,  which  is  well 
known  to  contain  leucocytes  in  abundance,  was  always  found 
to  be  higher  than  that  in  the  blood  of  the  same  animal. 

4.  The  adenoid  tissue,  which  contains  a moderate  number 
of  lymph-cells  in  famishing  and  hungry  dogs,  is  literally 
overflowing  with  them  in  the  case  of  well-fed  dogs.* 

5.  The  cells  in  the  adenoid  tissue  of  animals  while  digesting 
show  more  nuclei  undergoing  karyokinesis  than  those  of 
fasting  animals. f 

Finally,  Hofmeister’s  pupil,  J.  Pohl,$  has  shown  that  the 
number  of  leucocytes  in  the  blood  increases  during  the 
digestion  of  food  rich  in  proteid,  but  not  during  the  absorption 
of  carbohydrates,  fats,  salts,  and  water.  Pohl  has  also  shown 
that  this  increase  of  leucocytes  proceeds  from  the  intestinal 
wall,  for  there  was  always  a much  larger  number  in  the 
intestinal  veins  than  in  the  corresponding  arteries. 

Thus  it  appears  that  the  lymph-cells  serve  not  only  as 
the  means  of  transport  for  the  peptones  in  the  blood-current ; 
their  increase  and  growth  appear  to  be  intimately  connected 
with  the  absorption  and  assimilation  of  nitrogenous  food. 
As  the  number  of  leucocytes  in  our  body  is  always  the  same, 
it  follows  that,  as  the  proteid  becomes  absorbed  and  new  cells 
are  produced  by  division,  a corresponding  amount  of  old 
lymph-cells  must  die  off  and  decay.  This,  perhaps,  partially 
explains  the  above-mentioned  fact,  that  the  absorption  of 
large  quantities  of  proteid  is  followed  by  rapid  destruction  of 
a corresponding  amount  of  proteid. 

At  the  same  time,  we  are  not  bound  to  assume  that  all 
the  peptone  which  disappears  in  the  intestinal  wall  is 
reconverted  into  proteid  in  the  lymph-cells  of  the  adenoid 
tissue,  and  that  this  reconversion  only  takes  place  through 


* Hofmeister,  Zeit  sehr.  /.  physiol.  Chem.,  yoI.  v.  p.  150 : 1881. 
t Hofmeister,  Arch.  /.  exper.  Path.  u.  Pharm.,  vol.  xix.  p.  32  : 1885.  Compare 
also  vol.  xx.  pp.  201-305  : 1885 ; and  vol.  xxii.  p.  306 : 1887. 

X Julius  Pohl,  ibid.,  vol.  xxv.  p.  31:  1888. 
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the  assimilation,  growth,  and  division  of  lymph-cells.  Heiden- 
hain * has  called  attention  to  the  fact  that  the  nuclei  under- 
going karyokinesis  in  the  lymph-cells  of  adenoid  tissue  are 
not  sufficiently  numerous  to  justify  such  a conclusion.  He 
considers  that  the  reconversion  of  the  peptones  into  proteid 
may  occur  to  a large  extent  in  the  epithelial  cells,  which  then 
surrender  it  to  the  blood-plasma  of  the  capillaries  forming  a 
network  around  the  intestinal  villi,  immediately  below  the 
epithelial  cells. 

We  must  now  consider  what  happens  to  the  peptone, 
which  has  reached  the  blood  from  the  intestine.  As  already 
mentioned,  it  very  soon  disappears  from  the  blood,  without 
passing  into  the  urine.  Where  does  it  undergo  a change? 
The  conversion  does  not  take  place  in  the  blood  itself. 
Hofmeister  t took  two  samples  of  blood  from  the  carotid 
of  a dog  during  the  process  of  digestion.  The  first  was 
immediately  tested  for  peptone;  the  second  was  kept  for 
two  and  a half  hours  at  37°  C.  before  being  tested.  The 
amount  of  peptone  was  found  to  be  exactly  the  same  in  both 
eases.  Hofmeister  also  laid  bare  to  the  utmost  extent  the 
carotid  and  crural  arteries  of  a living  dog,  applying  ligatures 
above  and  below,  as  well  as  to  the  lateral  branches.  After 
half  an  hour,  the  pieces  of  artery  which  had  been  tied  were 
taken  out,  and  their  contents  removed.  Peptone  was  found 
in  them.  It  does  not,  therefore,  disappear  in  the  blood,  and 
must  consequently  pass  into  the  tissues  from  the  capillaries. 
This  is  in  accordance  with  the  fact  that  during  digestion, 
when  the  arterial  blood  contained  large  quantities  of  peptone, 
the  blood  of  the  corresponding  veins  was  found  to  be  devoid 
of  any.J 

Armed  with  this  knowledge  concerning  the  behaviour  of 
peptones  in  the  body,  we  are  now  in  a position  to  explain  the 

* Heidenlinin,  Pfliiger’s  Arch.,  Suppl.,  vol.  xli.  pp.  72-74. 

+ Hofmeister.  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  xix.  p.  23 : 1S85. 

X Ibid.,  vol.  xix.  p.  30  : 1885. 
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hitherto  enigmatic  appearance  of  peptone  in  the  urine  in 
certain  forms  of  disease.  We  have  seen  that  the  peptones 
pass  into  the  urine  as  soon  as  they  reach  the  blood  by  some 
other  means  than  from  the  intestine.  This  is  obviously  the 
case  in  all  those  pathological  processes  in  which  peptonuria 
occurs.  Probably  in  all  such  cases  there  is  a pathological 
disintegration  of  necrotic  tissue,  as  the  result  of  which 
peptone  is  formed  and  is  absorbed  into  the  blood ; * as,  for 
instance,  in  those  diseases  in  which  there  is  a considerable 
accumulation  and  decomposition  of  pus — in  empyema,  puru- 
lent peritonitis,  pyelitis,  in  some  cases  of  phthisis  with  large 
cavities,  and  the  like.  The  appearance  of  peptone  in  the 
urine  in  the  stage  of  resolution  of  croupous  pneumonia  may 
be  explained  in  a similar  manner : the  peptone  reaches  the 
blood  when  the  exudation  in  the  lung  is  absorbed.  As  a 
matter  of  fact,  Hofmeister  was  able  to  demonstrate  the 
presence  of  a considerable  quantity  of  peptone  in  the  infiltrated 
pneumonic  lung. 

* E.  Maixner,  Prager  Viertelj.,  vol.  cxliii.  p.  75  : 1879.  Hofmeister,  Zeitschr. 
f.  physiol.  Chem.,  vol.  iv.  p.  265 : 1880 ; R.  von  Jaksch,  Zeitschr.  f,  klin.  Med., 
vol.  vi.  p.  413 : 1883 ; H.  Pacanowski,  ibid,,  vol.  ix.  p.  429 ; 1885. 
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LECTURE  XIII. 

BLOOD  AND  LYMPH. 

Haying  followed  the  course  of  the  alimentary  substances  as 
far  as  their  entrance  into  the  blood,  we  will  now  proceed  to 
consider  the  blood  itself. 

The  first  thing  that  strikes  us  when  we  begin  to  examine 
the  blood,  and  that  which  offers  the  greatest  difficulties  to 
chemical  analysis,  is  the  phenomenon  of  coagulation.  As 
soon  as  the  blood  leaves  the  vessels  of  the  living  animal,  a 
part  of  the  proteids  passes  from  the  apparently  soluble  into 
the  coagulated  condition.  The  quantity  of  this  colloid  sub- 
stance, commonly  called  fibrin,  is  relatively  very  small.  It 
does  not  usually  exceed  from  0‘1  to  0’4  per  cent,  of  the  weight 
of  the  blood.  Nevertheless,  the  passage  of  this  small  amount 
into  the  coagulated  state  converts  the  whole  blood  into  a 
more  or  less  solid  jelly-like  mass.  On  standing,  this  mass 
contracts,  sometimes  to  half  of  its  original  volume,  and 
squeezes  out  the  contained  fluid,  whilst  the  corpuscles  are 
almost  wholly  retained.  Thus  the  coagulated  blood  separates 
into  clot  and  serum.  Serum  is  therefore  plasma  minus 
fibrin;  the  clot  consists  of  the  closely  packed  blood-corpuscles, 
with  a small  residue  of  serum  and  the  coagulated  proteid,  or 
fibrin. 

If,  however,  the  blood  be  beaten  with  a glass  rod  whilst 
coagulation  is  proceeding,  the  coagulating  substance  attaches 
itself  to  the  rod  in  the  form  of  small  fibrous  masses,  which 
coalesce  with  one  another,  and  contract  round  the  rod  so 
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that  they  can  be  removed  with  it.  In  this  way  so-called 
defibrinated  blood  is  obtained,  which  remains  fluid,  and 
consists  of  serum  with  blood-corpuscles  suspended  in  it. 
When  we  remember  how  great  a tendency  to  pass  into  a 
coagulated  modification  is  shown  by  all  colloid  bodies  (com- 
pare pop.  50-53),  the  phenomenon  of  coagulation  ought  not  to 
surprise  us.  Moreover,  it  is  by  no  means  a peculiarity  of 
the  blood.  Lymph  and  chyle  are  likewise  coagulable.  The 
appearance  of  rigor  mortis  in  dying  muscle  depends  upon  an 
essentially  similar  process,  and  it  is  probable  that  the  death 
of  every  living  vegetable  and  animal  tissue  is  accompanied 
by  a passage  of  a part  of  the  proteid  constituents  from  the 
fluid  to  the  coagulated  state.  Coagulation  of  the  blood  is, 
therefore,  not  a vital  process — it  indicates  the  commencing 
dissolution  of  the  dying  blood ; it  might,  therefore,  be  thought 
that  the  subject  of  coagulation  was  beyond  the  scope  of 
physiology. 

The  coagulation  of  the  blood,  however,  subserves  a very 
important  process ; it  greatly  aids  in  preventing  bleeding 
when  a blood-vessel  is  injured,  and  so  far  it  may  be  con- 
sidered as  a physiological  process,  one  of  the  means  of  self- 
preservation  possessed  by  the  organism. 

The  nature  and  causes  of  coagulation  possess  an  extreme 
interest  from  a pathological  point  of  view.  For  it  is  well 
known  that,  under  certain  pathological  conditions,  coagulation 
of  the  blood  takes  place  in  the  vessels  during  life ; and  this 
process  leads  to  disturbances  of  the  most  varied  character, 
and  may  be  a cause  of  death. 

Hence  it  is  a question  of  great  importance  to  know  what 
causes  the  blood  to  remain  fluid  under  normal  conditions  in 
the  vessels  during  life  ; what  the  exact  nature  of  the  whole 
process  is  ; what  the  substance  is  which  separates  out ; and 
what  the  causes  of  its  separation  are.  In  spite  of  many 
researches,  we  are  not  yet  in  a position  satisfactorily  to 
answer  this  question.  The  little  that  is  positively  known  we 
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will  consider  in  detail.  First  of  all,  we  know  that  the  contact 
of  the  blood  with  the  normal  living  vessel-wall  prevents 
coagulation.*  If,  in  a living  animal,  a blood-vessel  be  tied 
at  two  points,  the  enclosed  stagnating  blood  does  not  coagulate 
for  several  hours,  but  it  does  so  very  quickly  if  it  be  allowed 
to  escape  from  the  vessel. 

Brücke  showed  that  the  blood  in  the  heart  of  the  tortoise 
remained  fluid  after  the  heart  had  been  removed  from  the 
body,  when  the  vessels  had  been  tied.  If  minute  glass  tubes 
were  inserted  into  some  of  the  vessels,  so  as  to  fit  them 
exactly,  and  to  prevent  the  blood  from  coming  into  contact 
with  the  wall  of  the  vessel,  it  was  found  that  the  blood 
clotted  in  these  tubes,  but  remained  fluid  elsewhere,  in  the 
other  vessels  and  in  the  heart.  Indeed,  Brücke  observed  that 
any  foreign  body  introduced  into  the  blood  became  covered 
with  a layer  of  fibrin. 

When  a vessel  is  ligatured,  the  blood  after  a time 
coagulates  from  the  point  ligatured  down  to  the  first  branch 
given  off  from  the  vessel.  The  coagulation  always  starts 
from  the  ligatured  spot,  where  the  endothelium  of  the  vessel 
is  injured.  It  may  also  be  supposed  that  the  whole  endothe- 
lial lining,  from  the  injured  spot  to  the  first  branch,  is 
altered  and  no  longer  normal,  since  it  does  not  obtain  the 
usual  amount  of  specific  nutriment  in  consequence  of  the 
stagnation  of  the  blood. 

In  this  way  the  occurrence  of  thrombosis,  in  consequence 
of  atheromatous  degeneration  of  the  lining  membrane,  or 
as  the  result  of  the  compression  of  the  vessel  by  a new 
growth,  etc.,  may  be  explained.! 

* E.  Brücke,  Virchow’s  Arch.,  vol.  xii.  pp.  81,  172  : 1S57. 

f On  the  origin  of  thrombi  vide  Virchow’s  researches  in  his  “ Gesammelten 
Abhandlungen  zur  wissenschaftlichen  Medicin,”  pp.  59-732 : Frankfurt  a.  M., 
1856;  further  F.  W.  Zahn,  Virchow’s  Arch.,  vol.  lxii.  p.  81:  1875;  and  J.  C. 
Eberth  and  0.  Schimmelbusch,  Virchow’s  Arch.,  vol.  ciii.  p.  39:  18S6;  and  vol. 
cv.  pp.  331,  456:  1886.  A general  survey  of  the  literature  of  the  subject  is 
given  here. 
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We  know,  further,  that  the  coagulation  of  the  blood  is 
constantly  preceded  by  the  death  and  breaking  up  of  the 
white  blood-corpuscles.  It  would  appear  that  in  some  way 
or  other  the  products  of  the  breaking  down  of  leucocytes 
enter  into  the  formation  of  the  clot.*  Mantegazza  pointed 
out  that  only  those  fluids  are  spontaneously  coagulable  which 
contain  leucocytes,  such  as  blood,  lymph,  and  pathological 
transudations,f  and  that  the  fluids  lose  their  power  of  clotting 
as  soon  as  the  leucocytes  can  be  removed.  Johannes  Müller  J 
had  shown  that,  if  frog’s  blood  be  diluted  with  a solution  of 
sugar  and  filtered,  the  large  red  blood-corpuscles  remain  in 
the  filter,  whereas  the  filtrate  coagulates.  Johannes  Müller 
therefore  concluded  that  the  coagulating  matters  arise  from 
the  plasma.  But  Mantegazza  showed  that  the  small  and 
soft  colourless  blood-corpuscles  get  through  the  filter-paper 
in  this  experiment,  and  that  if  the  colourless  corpuscles  are 
retained  by  the  use  of  very  fine  filter-paper,  the  filtrate  is 
not  coagulable.  § 

When  Mantegazza  drew  a silk  thread  through  the  vein 
of  a living  animal,  he  found  that  in  two  minutes  it  was 
covered  with  leucocytes,  and  fibrin  commencing  to  form  round 
them.  If  the  experiment  lasted  longer,  the  thread  became 
surrounded  with  a strong  white  coagulum,  which  was  always 
crowded  with  leucocytes.  Other  foreign  bodies  introduced 
into  the  blood-current  behaved  in  the  same  manner,  and, 

* The  view  that  fibrin  arose  from  the  breaking  up  of  the  leucocytes  was  first 
adopted  by  William  Addison,  London  Medical  Gazette,  new  ser.,  vol.  i.,  for  the 
session  1840-1841,  pp.  477,  689;  and  by  Lionel  Beale,  Quar.  Journ.  of  Micros. 
Science,  t.  xiv.  p.  47:  1864;  subsequently  by  Paolo  Mantegazza,  “ Ricercbe 
sperimentali  sulP  origine  della  fibrina  e sulla  causa  della  coagulatione  del 
sangue:”  Milano,  1871.  A complete  account  of  this  work,  by  Boll,  appeared  in 
1871,  in  the  Centralb.  f.  d.  med.  Wissensch.,  p.  709;  and  in  1876  Mantegazza 
published  his  work  in  German  in  Moleschott’s  Untersuch,  z.  Naturlehre  des 
Menschen  u.  der  Thiere,  vol.  xi.  pp.  523-577.  Compare  E.  Tiegol,  “ Notizen 
über  Schlangenblut,”  Pflüger’s  Arch.,  vol.  xxiii.  p.  278  : 1880. 

t Mantegazza,  Moleschott’s  Untersuch,  z.  Naturlehre,  vol.  xi.  pp.  552,  557. 

t Johannes  Müller,  IJandb.  d.  Physiol,  des  Menschen,  4tb  edit.,  vol.  i.  p.  104 ; 
Coblentz,  1844. 

§ Mantegazza,  loc.  eit.,  p.  556. 
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moreover,  the  rougher  their  surface  the  more  extensive  was 
the  eoagulum,  and  the  more  readily  did  the  leucocytes  attach 
themselves  to  it.  No  eoagulum  formed  round  a smooth  thin 
platinum  wire.* 

Zahn  made  similar  experiments  with  the  same  result. 
If  he  introduced  small  glass  rods  with  smooth  surfaces  into 
the  heart  of  a live  animal,  no  eoagulum  resulted.  But  if  he 
roughened  the  rod  with  a file  before  insertion,  a eoagulum 
formed  on  the  uneven  surface.  Zahn  showed,  further,  that 
a grouping  together  and  breaking  up  of  leucocytes  always 
precedes  thrombosis. 

Finally,  Alexander  Schmidt  has  carried  out  very  extensive 
experiments  on  the  relation  of  colourless  blood-corpuscles 
to  coagulation. f He  found  that  horses’  blood  was  very 
suitable  for  this  purpose,  being  possessed  of  two  peculiarities 
in  which  it  differs  from  the  blood  of  other  animals  hitherto 
examined : firstly,  it  clots  more  slowly ; and,  secondly,  the  red 
blood-corpuscles  sink  far  more  rapidly.  It  is  thus  possible 
to  remove  the  plasma  which  remains  after  the  red  corpuscles 
have  sunk  to  the  bottom,  before  coagulation  sets  in.  By  the 
use  of  cold,  clotting  is  still  further  delayed.  If  the  blood 
be  allowed  to  run  from  a horse’s  vein  straight  into  a vessel 
surrounded  with  ice,  the  red  corpuscles  fall  completely  to  the 
bottom,  and  the  specifically  lighter  colourless  cells,  which  sink 

* Mantegazza,  loc.  tit.,  pp,  558-563. 

+ Alexander  Schmidt  has  published  an  account  of  the  main  facts  of  his 
comprehensive  researches,  with  the  title,  “Die  Lehre  von  den  fermentativen 
Gerinnungserscheinungen  in  den  ei  weissartigen  thierischen  Körperflüssigkeiten” 
(Dorpat,  C.  Mattiesen,  1876).  Alexander  Schmidt’s  more  recent  investigations  on 
the  coagulation  of  the  blood  are  contained  in  the  dissertations  by  his  pupils  for 
their  doctorate : — L.  Birk  and  J.  Sachsendahl,  1880 ; N.  Bojanus  and  Ferd. 
Hoffmann,  1881 ; Ed.  von  Samson-Himmelstjerna  and  N.  Heyl,  1882;  H.  Feiertag, 
F.  Slevogt,  Fr.  Rauschenbach,  and  Ed.  von  Götschel,  1883;  O.  Groth  and  W. 
Grohmann,  1881;  and  Jacob  von  Samson-Himmelstjerna,  1885.  Compare  0. 
Hammarsten,  Pflüger’s  Arch.,  vol.  xiv.  p.  211:  1877;  and  vol.  xxx.  p.  137: 
1883;  L.  Frede'ricq,  Bullet.,  de  VAcad.  roy.  de  Belg.,  ser.  ii.  t.  lxiv.  No.  7 : Juillet, 
1877  ; Ann.  de  la  Soc.  de  med.  de.  Gand. : 1877 ; “ Recherches  sur  la  constitution 
du  plasma  sangnin,”  Gaud,  Paris,  Leipzig,  1878;  and  L.  C.  Wooldridge,  “The 
Nature  of  Coagulation,”  1888.” 
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more  slowly,  form  a layer  over  the  red  corpuscles  (buffy-coat). 
The  larger  portion  of  the  plasma  can  now  be  removed  and 
filtered.  The  colourless  cells  remain  in  the  filter,  owing  to 
the  solid  consistency  acquired  in  the  cold,  which  prevents 
their  accommodation  to  the  form  of  the  filter-pores,  and  their 
consequent  passage;  and  a pure,  clear  plasma  is  obtained 
as  filtrate,  which  now  clots  very  slowly,  and  yields  a very 
slight  coagulum.  If  leucocytes  from  the  filter  be  added  to 
this  plasma,  abundant  coagulation  takes  place.  If  all  the 
blood,  the  coagulation  of  which  had  been  prevented  by  cooling, 
be  allowed  to  clot  at  the  temperature  of  the  room,  the  firmest 
coagulum  occurs  in  the  buffy-coat. 

My  Dorpat  colleague  has  repeatedly  been  so  kind  as  to 
show  me  these  experiments  with  the  uncoagulated  horse’s 
blood.  The  amount  of  leucocytes  is  most  surprising.  They 
are  undoubtedly  far  more  numerous  than  in  defibrinated 
blood.  But  the  extraordinary  variety  of  the  forms  is  still 
more  astonishing : from  the  smallest  colourless  corpuscles, 
with  a diameter  hardly  greater  than  that  of  the  red  cor- 
puscles, such  as  one  is  accustomed  to  see  in  defibrinated 
blood,  to  the  large  granulated  yellowish  cells  with  nuclei, 
and  a diameter  of  more  than  double — (Schmidt’s  granule 
masses).*  After  complete  coagulation,  these  granule  masses 
disappear.  Schmidt  and  his  pupils  say  that  they  have 
watched  their  breaking  up  into  minute  granules,!  and  the 
gradual  change  of  the  latter  into  the  fibrin-coagulum,  under 
the  microscope.  These  granule  masses,  and  the  transitional 
forms  between  them  and  the  ordinary  colourless  blood- 
corpuscles,  appear  to  be  much  less  numerous  and  to 
break  up  more  rapidly  in  the  blood  of  other  mammals,  so 

* A diagram  of  these  granule  masses  and  their  products  of  decomposition  is 
given  in  the  Dissertation  of  George  Semmer,  “ Ueber  die  Faserstoflfbildung  im 
Amphibien-und  Vogelblute  und  die  Entstehung  der  rothon  Blutkörperchen  der 
S'äugethiero  : ” Dorpat,  Mattiesen,  1874. 

t Mantegazza  also  noticed  the  granules  in  the  plasma  from  horses’  blood 
(Joe.  cit.,  p.  563). 
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that  it  is  difficult  to  obtain  a view  of  them  under  the  micro- 
scope.* 

We  are  unable  as  yet  to  decide  whether  the  debris  of 
leucocytes  are  themselves  a part  of  the  material  which  forms 
the  coagulum,  or  whether  certain  products  of  decomposition, 
resembling  ferments,  give  the  impulse  for  the  passage  of 
certain  proteids  of  the  plasma  into  the  coagulated  modification. 

The  following  observation  must  he  cited  as  being  particu- 
larly important.  It  appears  that  a part  of  the  substances 
which  excite  coagulation  remains  in  the  blood  after  the 
separation  of  the  fibrin.  Alexander  Schmidt  showed  that,  if 
defibrinated  blood  or  serum  be  added  to  lymph  or  to  serous 
transudations,  which  coagulate  very  slowly  of  themselves,  and 
give  very  little  fibrin,  the  fluid  would  soon  be  entirely  con- 
verted into  a gelatinous  mass.  The  fluids  of  the  pleural  and 
the  pericardial  cavities  of  human  beings  and  of  horses  are 
usually  quite  free  from  lymph-cells,  and  therefore  uncoagu- 
lable.  But  they  coagulate  on  the  addition  of  blood-serum. 
The  fact  that  coagulation  occurs  in  the  vessels  after  the  trans- 
fusion of  defibrinated  blood,  is  capable  of  the  same  explanation. 
Armin  Köhler  f showed  that  if  blood  were  taken  from  a 
rabbit,  defibrinated,  and  then  injected  into  the  vessels  of  the 
same  animal,  death  ensued  owing  to  clotting  in  the  vessels. 
For  this  reason,  the  therapeutic  use  of  transfusion  has  fallen 
into  disuse. J 


* With  the  aid  of  the  improved  microscopes,  small  granules  and  “ plättchen  ” 
have  recently  been  discovered  in  the  blood,  which  are  considered  to  be  form- 
elements,  and  are  supposed  to  participate  in  the  coagulation  of  the  blood. 
Alexander  Schmidt  explains  these  structures  as  being  the  debris  of  his  granule 
masses.  In  this  connection  vide  O.  Hayera,  Compt.  rend.,  t.  lxxxvi.  p.  58  : 1S78  ; 
J.  Bizzozero,  Virchow’s  Arch.,  vol.  xc.  p.  261 : 1882;  M.  Löwit,  Sitznngsber.  der 
Wiener  Akad.,  vol.  Ixxxix.  p.  270 ; and  vol.  xc.  p.  80  : 1884;  and  L.  C.  Wool- 
dridge, in  the  “ Beiträge  zur  Physiologie,  Carl  Ludwig  zu  seinem  siebzigsten 
Geburtstage  gewidmet  von  seinen  Schülern,”  p.  221 : Leipzig,  Vogel,  1887. 

t Armin  Köhler,  “ Ueber  Thrombose  und  Transfusion,  Eiter  und  septische 
Infection,  u.  deren  Beziehungen  zum  Fibrinferment : ” Dorpat,  1 877. 

t E.  von  Bergmann  has  published,  in  the  form  of  a lecture,  a very  interesting 
account  and  criticism  of  the  literature  on  the  transfusion  of  blood,  “ Die  Schick- 
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From  these  remarks  on  the  coagulation  of  the  blood,  it 
may  be  seen  what  difficulties  have  to  be  encountered  in  the 
chemical  examination  of  the  blood,  and  especially  in  any 
attempt  to  obtain  a separate  quantitative  analysis  of  plasma 
and  of  blood-corpuscles. 

The  pure  unaltered  plasma,  as  procured  from  horse’s 
blood,  according  to  Alexander  Schmidt’s  method,  has  never 
been  analyzed.  The  serum  has  been  analyzed,  and  the 
composition  of  the  plasma  has  been  deduced  from  that  of  the 
serum.  It  was  considered  that  the  composition  of  the  plasma 
was  ascertained  when  the  fibrin  was  added  to  the  serum. 
But  we  now  know  that  the  calculation  is  not  so  easy.  We 
do  not  know  which  constituents  of  the  plasma  take  part  in 
the  coagulation,  nor  which  products  of  the  decomposition  of 
lymph-cells  pass  into  the  serum.  We  do  not  know  what 
should  be  removed  from  or  what  added  to  the  serum  in  order 
to  determine  the  composition  of  the  plasma. 

We  are  met  by  insuperable  difficulties  in  the  endeavour 
to  free  the  red  blood-corpuscles  from  the  serum,  and  to 
analyze  them  in  a pure  state.  The  means  adopted  by 
chemists  to  separate  a precipitate  from  a solution  cannot  be 
used  in  this  case.  The  large  blood-corpuscles  of  amphibia 
may  be  collected  on  the  filter,  but  not  those  of  mammals. 
This  is  not  due  to  their  minuteness ; for  they  are  far  larger 
under  the  microscope  than,  for  instance,  the  crystals  of  a 
precipitate  of  sulphate  of  barium  or  oxalate  of  lime,  which 
do  not  go  through  the  filter.  The  red  blood-corpuscles  pass 
through  the  filter,  because,  owing  to  their  soft  and  yield- 
ing consistency,  they  adapt  themselves  to  the  form  of  the 
filter-pores.  The  method  of  decanting  remains  as  a last 
resource,  but  this  alone  does  not  suffice,  and  must  be  followed 
by  washing;  but  what  liquid  will  serve  for  this  purpose? 
The  usual  medium,  water,  cannot  be  employed  in  this 

sale  der  Transfusion  im  letzten  Decennium  : ” Berlin,  Hirschwald,  1883.  Com- 
pare A.  Länderer,  Virchow’s  Arch.,  vol.  cv.  p.  351  : 188G. 

It 
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case,  for  as  soon  as  the  red  blood-corpuscles  come  into 
contact  with  water,  the  red  colouring  matter,  haemoglobin, 
is  dissolved.  Now,  as  this  forms  the  chief  constituent  of  the 
red  corpuscles,  nothing  remains  hut  so-called  stromata, 
reduced,  pale,  round,  very  feebly  refractive,  specifically  light 
debris .* 

If,  instead  of  water,  a dilute  saline  solution  of  a certain 
concentration  be  employed,  i.e.  from  lb  to  3 per  cent,  of 
sodium  chloride,  no  change  in  the  corpuscles  apparent  under 
the  microscope  takes  place.  If  the  solution  of  salt  is  stronger, 
they  shrink ; if  more  dilute,  they  swell,  and  lose  some  of  their 
hemoglobin  in  it. 

By  thus  decanting  and  washing  with  dilute  salt  solution, 
the  blood-corpuscles  of  defibrinated  blood  can  be  completely 
separated  from  all  the  constituents  of  serum.  But  do  they 
retain  their  original  constitution  ? May  not  the  salt  or  the 
water  pass  into  the  blood-corpuscles ; and,  on  the  other  hand, 
may  not  constituents  of  the  blood-corpuscles  have  passed  into 
the  salt  solution  by  osmosis  ? We  can  only  be  certain  of  one 
thing,  and  that  is,  that  no  haemoglobin  has  escaped,  as  this 
would  be  at  once  discovered  by  its  brilliant  colour.  It  is 
likewise  extremely  probable  that  the  genuine  colloid  sub- 
stances, the  proteids,  which  diffuse  with  great  difficulty,  do 
not  quit  the  blood-corpuscles.  We  are,  therefore,  in  a position 
to  form  a quantitative  estimate  of  the  quantity  of  haemoglobin 
and  of  proteid  in  the  corpuscles  of  a definite  amount  of 
blood.  If,  moreover,  the  quantity  of  haemoglobin  and  of 
albumen  in  the  total  blood,  and  the  amount  of  proteid  in 
the  serum,  be  estimated,  we  are  in  possession  of  all  the 
figures  necessary  to  compute  the  proportion  that  the  weight 
of  the  serum  hears  to  that  of  the  blood-corpuscles  in  the 
total  blood. 

This  is  the  method  of  quantitative  analysis  of  the  blood 

* For  the  properties  and  constitution  of  the  stromata,  vide  L.  C.  Wooldridge, 
Du  Bois’  Arch.,  p.  387  : 1881. 
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proposed  by  Hoppe -Seyler.*  An  example  will  serve  to  ex- 
plain the  method  of  computation. f 

In  100  grms.  of  defibrinated  pig’s  blood  were  found — 


(o)  18-92 
(i b ) 18-88 


mean : 18'90  proteids  + haemoglobin. 


In  the  blood-corpuscles  of  100  grms.  of  the  same  blood  were 
found — 


(a)  15-04] 

(b)  15’13  J mean : 15 '07  proteids  + haemoglobin. 

(c)  15-05] 

In  the  serum  of  100  grms.  of  blood — 

18*90  - 15*07  = 3*83  grms.  proteids. 

In  100  grms.  of  serum — 

(a)  6-74  ) L , 

{b)  6-79  j average  : 6-77  Proteids- 
From  this  the  amount  of  serum  in  100  grms.  of  defibrinated 
blood  may  be  computed — 


. 100  = 56‘6  per  cent,  serum. 

6-77 

100  - 56‘6  = 43*4  per  cent,  blood-corpuscles. 


An  analysis  of  the  total  blood  and  another  of  the  serum 
is  now  all  that  remains  to  be  made  to  enable  us  to  compute 
the  exact  proportion  of  each  constituent  in  defibrinated  blood. 

In  order  to  prove  the  reliability  of  this  method,  I deter- 
mined the  proportion  of  the  serum  to  the  corpuscles  in  the 
same  blood  by  another  method.  We  are,  in  fact,  able  to' 
estimate  this  proportion,  as  soon  as  we  are  in  a position  to 


* Hoppe-Seyler,  “Handb.  der  physiol,  u.  pathol.  chemisch.  Analyse,”  § 272, 
5th  edit.,  p.  441 : Berlin,  Hirschwald,  1883.  This  method  is  rendered  much 
more  simple  by  the  use  of  the  centrifuge  (vide  L.  von  Babo,  Liebig’s  Aimed., 
vol.  lxxxii.  p.  301  : 1852) ; without  this,  the  repeated  sinking  of  the  blood- 
corpuscles  for  the  purpose  of  decanting  the  fluid  would  necessitate  a process 
occupying  several  weeks,  and  even  at  a low  temperature  decomposition  and  escape 
of  hromoglobin  would  be  unavoidable. 

t G-.  Bunge,“  Zur  quantitativen  Analyse  des  Blutes,”  Zeitschr.f.  Biolog.,  vol. 
xii.  p.  191  ; 1876. 
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ascertain  accurately  that  any  one  of  the  constituents  of  the 
serum  does  not  occur  in  the  corpuscles.  This  is  the  case 
with  sodium,*  in  some  kinds  of  blood.  It  was  rendered  prob- 
able by  the  earlier  experiments  of  C.  Schmidt  * and  of 
Hoppe- Seyler’s  pupil,  Sacharjin,|  and  the  following  analyses 
made  by  myself  put  the  matter  beyond  all  doubt. 

If  defibrinated  pig’s  blood  be  acted  on  by  the  centrifugal 
machine,  the  red  corpuscles  separate  from  the  serum  as  a 
thick  paste,  which  is  found,  to  be  very  poor  in  sodium.  It 
contains  seven  times  less  sodium  than  the  serum.  Supposing 
the  deposit  only  to  contain  one-seventh  of  its  total  bulk  of 
serum,  this  would  suffice  to  cover  its  whole  amount  of  sodium. 
Now,  there  was  no  difficulty  in  determining  by  the  microscope 
a considerable  amount  of  interstitial  fluid  among  the  cor- 
puscles. If  the  blood-corpuscles  contain  any  sodium  at  all, 
it  must  he  present  in  exceedingly  minute  quantities,  and 
we  should  commit  no  serious  error  in  determining  the  quantity 
of  serum  in  blood,  by  calculating  it  from  the  amount  of 
sodium  in  the  blood  and  the  serum. 

The  analysis  and  calculation  gave  the  following  results  : — 
In  the  total  blood- 


fa)  0-2403 
(6)  0-2409 


mean : 0-2406  per  cent.  Na20. 


In  serum — 

(а)  0-4283  | mean  . 0.4272  eent.  N&2 0 . 

(б)  0-4260  ) 

x 100  = 56-3  per  cent,  serum. 

0-4272 

100  - 56'3  = 43-7  per  cent,  blood-corpuscles. 

The  numbers  agree  remarkably  with  those  obtained  for  the 
same  pig’s  blood  by  Hoppe-Seyler  s method. 

* C.  Schmidt,  “Charakteristik  der  epidemischen  Cholera:”  Leipzig  and 
Mitau,  1850. 

t G.  Sacharjiu,  “Zur  Blutaualyse,”  Virchow’s  Arch.,  vol.  xxi.  p.  337  : 1861. 
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In  the  case  of  the  blood  of  the  horse,  I made  an  analysis 
according  to  Hoppe-Seyler’s  method,  and  found  46‘5  per 
cent,  serum,  and  53’5  per  cent,  corpuscles ; by  means  of  the 
sodium  calculation,  the  result  was  46’9  per  cent,  of  serum, 
and  53'1  per  cent,  of  blood-corpuscles.  This  correspondence 
cannot  be  accidental.  We  must  conclude  from  it  (1)  that 
Hoppe-Seyler’s  method  gives  correct  results  ; and  (2)  that  in 
the  blood  of  the  pig  and  the  horse,  the  sodium  only  occurs  in 
the  plasma. 

Unfortunately,  the  latter  conclusion  is  not  true  for  all 
varieties  of  blood.  In  dog’s  and  bullock’s  blood,  the  corpuscles 
contain  sodium  as  well  as  the  serum.  The  easy  and  exact 
method  for  determining  the  relative  proportion  of  corpuscles 
and  serum  by  means  of  the  amount  of  sodium  is  in  so  far 
of  very  great  value,  as  it  enables  us  to  put  to  the  proof  other 
methods  which  are  applicable  to  all  varieties  of  blood. 

In  the  following  tables  the  results  of  my  analyses  of  blood 
are  given  : — 


One  Thousand  Grammes  op  Defibrinated  Blood  contain — 


Pig- 

Horse. 

Bullock. 

436-8  cor- 
puscles. 

563-2 

serum. 

531-5  cor- 
puscles. 

468-5 

serum. 

318-7  cor- 
puscles. 

681-3 

serum. 

Water 

276-1 

517-9 

323-6 

420-1 

191-2 

622-2 

Fixed  substances  . . 

160-7 

45-3 

207-9 

48-4 

127-5 

591 

Albumen  and  haemo- 
globin 

151-6 

381 

123-6 

49-9 

Other  organic  sub- 
stances 

5-2 

2-8 

2-4 

3-8 

Inorganic  substances 

3'9 

4-3 

— 

— 

1-5 

5-4 

K20 

2-421 

0-154 

2-62 

0-13 

0-238 

0-173 

Na20 . . 

0 

2-406 

0 

2-08 

0-667 

2-964 

CaO 

0 

0-072 

— 

— 

— 

0-070 

MgO 

0-069 

0-021 

— 

— 

0-005 

0-031 

Fe203 

— 

0-006 

* 

— 

— 

0-007 

Cl 

0-657 

2-034 

102 

1-76 

0-521 

2-532 

T,0,  ..  .. 

0-903 

0106 

— 

0-224 

0-181 

246 


LECTURE  XIII. 


One  thousand  grammes  of  cou- 
r usci.es  contain — 

One  thousand  grammes  of  sebum 
contain — 

PIG. 

HORSE. 

BULLOCK. 

PIG. 

HORSE. 

BULLOCK. 

Water 

632-1 

608-9 

599-9 

919-6 

896-6 

913-3 

Fixed  substances  . . 

3679 

391-1 

400-1 

80-4 

103-4 

86-7 

Albumen  and  hanno- 
globin 

347-1 

387-8 

67-7 

73-2 

Other  organic  sub- 
stances 

12-0 

7-5 

5-0 

5-6 

Inorganic  substances 

8-9 

— 

4-8 

7-7 

— 

7-9 

K„0 

5-543 

4-92 

0-747 

0-273 

0-27 

0-254 

NaaO . . 

0 

0 

2-093 

4-272 

4-43 

4-351 

Cat) 

0 

— 

0 

0-136 

— 

0126 

MgO 

0-158 

— 

0017 

0-038 

— 

0 045 

Fe203 

— 

— 

— 

— 

— 

0-011 

Cl 

1-504 

1-93 

1-635 

3-611 

3-75 

3-717 

PA 

2067 

— 

0-703 

0-188 

— 

0-266 

In  order  to  give  an  idea  of  the  composition  of  human 
blood,  I subjoin  the  analysis  of  my  revered  teacher,  Carl 
Schmidt,*  one  that  has  not  yet  been  surpassed,  though  it  may 
be  remarked  that  the  method  employed  gave  too  high  an 
estimate  for  the  corpuscles  in  proportion  to  the  volume  of 
blood. 


BLOOD  OF  A MAN  TWENTY-FIVE  YEARS  OF  AGE. 
One  Thousand  Grammes  of  Brood. 

513-02  blood-corpuscles. 

Water  . . . . . . 349  69 

Substances  not  vaporizing 
at  120°  ..  ..  ..  163  33 


Hsematin  . . 
Paraglobulin,  etc. 
Inorganic  constituents 


7 70  (including  0'512  iron) 
151-89 

3-74  (excluding  iron) 


Chlorine 
Sulphuric  acid 
Phosphoric  acid  . . 
Potassium 
Sodium 

phosphate  of  lime. . 
Phosphate  of  magnesium. 
Oxygen 


.0-898 

0-031 

0- 695 

1- 586 
0-241 
0-048 
0031 
0-206 


* C.  Schmidt,  Charakteristik  der 
Leipzig  and  Mitau,  1850. 


' Chloride  of  potassium 

..  1-8S7 

Sulphate  of  potassium 

. . 0-06S 

Phosphate  of  potassium 

. . 1-202 

phosphate  of  sodium 

. . 0-325 

Soda  . . 

..  0175 

Phosphate  of  lime 

. . 0 04S 

Phosphate  of  magnesium 

. . 0 031 

Total  . . 

. . 3-736 

epidemischen  Cholera,”  pp.  29,  32 : 
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486*98  interstitial  fluid  (plasma). 


Water  

439-02 

Substances  not  vaporizing 

at  120°  

47-96 

Fibrin 

3-93 

Albumen,  etc. 

39-89 

Inorganic  constituents 

4-14 

Chlorine 

1-722 

Sulphuric  acid 

0-063 

Phosphoric  acid  . . 

0*071 

Potassium  . . 

0*153 

Sodium 

1*661 

Phosphate  of  lime 

0-145 

Phosphate  of  magnesium. . 

0-106 

Oxygen 

0-221 

Sulphate  of  potassium 

0-137 

Chloride  of  potassium 

0-175 

Chloride  of  sodium  . . 

2-701 

Phosphate  of  sodium 

0-132 

Soda  . . 

0-746 

Phosphate  of  lime  . . 

0-145 

Phosphate  of  magnesium  . . 

0-106 

Total  . . 

4-142 

Specific  Gravity  = 1*0599. 


1000  grammes  of  blood-corpuscles. 


"Water 

Substances  not  vaporizing 
at  120°  


Hiematin  . . 
Paraglobulin,  etc.  . . 
Inorganic  constituents 


681*63 

318-37 

15*02  (including  0-998  iron) 
296*07 

7-28  (excluding  iron) 


Chlorine 

1-750) 

Sulphuric  acid 

0061 

Phosphoric  acid  . . 

1-355 

Potassium  . . 

3*091 

Sodium 

0*470 

Phosphate  of  lime . . 

0094 

Phosphate  of  magnesium 

0-060 

Oxygen  

0-401 

' Sulphate  of  potassium 
Chloride  of  potassium 
Phosphate  of  potassium 
I Phosphate  of  sodium 
I Soda 

Phosphate  of  lime  . . 
Phosphate  of  magnesium 


Total  of  inorganic  constituents  (exclusive  of  iron) 
Specific  gravity  = 1-0886. 


0-132 

3-679 

2-343 

0-633 

0-341 

0-094 

0060 


7-282 


1000  grammes  of  Interstitial  fluid  (plasma). 

Water  90P51 

Substances  not  vaporizing 
at  120° 98-49 


Fibrin 

Albumen,  etc. 

Inorganic  constituents  . . 


Chlorine 

Sulphuric  acid 
Phosphoric  acid  . . 

Potassium 

Sodium  . . , . 

Phosphate  of  lime 
Phosphate  of  magnesium. . 
Oxygen  


8*06 

81-92 

8-51 

3-536 ) 

' Sulphate  of  potassium 

0281 

0-129 

Chloride  of  potassium 

0*359 

0-145 

Chloride  of  sodium  . . 

5-546 

0-314 

— 

Phosphate  of  sodium 

0-271 

3-410 

Soda  . . 

1-532 

0 298 

Phosphate  of  lime 

0-298 

0-218 
0*455 . 
Total 

Phosphate  of  magnesium  . . 

0 218 

if  inorganic  constituents  . . 

8*505 

Specific  gravity  = 1*0312. 
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1000  grammes  of  serum. 

Water  908-84 

Substances  not  vaporizing 
at  120° 91-16 


Albumen,  etc.  ..  ..  82-59 

Inorganic  constituents  . , 8 57 


Chlorine 
Sulphuric  acid 
Phosphoric  acid  . . 
Potassium  . . 

Sodium 

Phosphate  of  lime . . 
Phosphate  of  magnesium 
Oxygen 


3-5651 
0-130 
0-146 
0-317 
3-438  ' 
0-300 
0-220 
0-458 


’ Sulphate  of  potassium 
Chloride  of  potassium 
Chloride  of  sodium  . . 
Phosphate  of  sodium 
Soda  . . 

Phosphate  of  lime  . . 
Phosphate  of  magnesium  . 


Total  of  inorganic  constituents  . . 
Specific  gravity  = 1-0292* 


BLOOD  OF  A WOMAN  THIRTY  YEARS  OF  AGE. 
One  Thousand  Grammes  oe  Blood. 

396-24  blood-corpuscles. 

Water  272’56 

Substances  not  vaporizing 
at  120° 123-68 


Haematin  . . . . . . 6 99  (including  0 489  iron) 

Paraglobulin,  etc.  . . . . 113-14 

Inorganic  constituents  . . 3-55  (excluding  iron) 


Chlorine 
Sulphuric  acid 
Phosphoric  acid  . . 
Potassium  . . 

Sodium 

Phosphate  of  lime  } 

Phosphate  of  magnesium  j 
Oxygen 

Total  of 


0-643 

' Sulphate  of  potassium 

0-029 

Chloride  of  potassium 

0-362 

Phosphate  of  potassium 

1-412 

Potash 

0-648 

Soda  . . . . 

0-086 

Phosphate  of  lime 
Phosphate  of  magnesium 

0-370 . 

inorganic  constituents  (excluding  iron) 


603-76  interstitial  fluid  (plasma). 

Water  551'99 

Substances  not  vaporizing 
at  120° 51-77 


Fibrin  1-91 

Albumen,  etc.  . . . . 44-79 

Inorganic  constituents  . . 5-07 


Cldorine 
Sulphuric  acid 
Phosphoric  acid  . . 
Potassium  . . 

Sodium 

Phosphate  of  lime 
Phosphate  of  magnesium 
Oxygen 


2-202 

0-060 

0- 144 
0-200 

1- 916  ' 

0-332 

0-211. 


Sulphate  of  potassium 
Chloride  of  potassium 
Chloride  of  sodium  . . 
Phosphate  of  sodium 
Soda  . . 

Phosphate  of  lime 
Phosphate  of  magnesium 


Total  of  inorganic  constituents  . . 


. 0283 

. 0-362 

. 5-591 

. 0-273 

. 1-545 

. 0-300 

. 0-220 


8-574 


0062 

1-353 

0-835 

0-340 

0-874 

0-086 


3-550 


0131 

0-270 

3-417 

0-267 

0-64S 

0 332 


5 065 
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Specific  Gkavitjt  = P0503. 


1000  grammes  of  blood-cells. 

Water  687-88 

Substances  not  vaporizing 
at  120° 312-12 


Hsematin 

Paraglobulin,  etc.  . . 
Inorganic  constituents 


18-48  (including  1-229  iron) 
284-68 

8-96  (excluding  iron) 


Chlorine 
Sulphuric  acid 
Phosphoric  acid  . . 
Potassium  . . 

Sodium 

Phosphate  of  lime 
Phosphate  of  magnesium 
Oxygen 


1-623 

0072 

0- 913 
3-565 

1- 635  ’ 

0-218 

0-933 


' Sulphate  of  potassium 
Chloride  of  potassium 
Phosphate  of  potassium 

Potash 

Soda  . . 

Phosphate  of  lime 
Phosphate  of  magnesium 


Total  of  inorganic  constituents  (excluding 
iron  of  colouring  matter  of  blood) 
Specific  gravity  = 1-0883. 


}- 


1000  grammes  of  interstitial  fluid. 

Water  91425 

Substances  not  vaporizing 


at  120° 


85-75 


Fibrin  3-16 

Albumen,  etc.  . . . . 74'20 

Inorganic  constituents  . . 8-39 


Chlorine 
Sulphuric  acid 
Phosphoric  acid  . . 
Potassium  . . 

Sodium  . . . , 

Phosphate  of  lime 
Phosphate  of  magnesium 
Oxygen 


3-647 
0-100 
0-237 
0-332 
3-173  ' 


’ Sulphate  of  potassium 
Chloride  of  potassium 
Chloride  of  sodium  . . 
I Phosphate  of  sodium . . 
Soda  . . 


0-550 


Phosphate  of  lime  1 
Phosphate  of  magnesium  V 

0-351 . 

Total  of  inorganic  constituents 
Specific  gravity  = 1-0269. 


' 1000  grammes  of  serum. 

Water  917-15 

Substances  not  vaporizing 
at  120° 82-85 


Albumen,  etc.  . . . . 74-43 

Iuorganic  constituents  . . 8-42 


Chlorine 
Sulphuric  acid 
Phosphoric  acid  . . 
Potassium  . . 

Sodium 

Phosphate  of  lime 
Phosphate  of  magnesium 
Oxygen 


3-659  > 
0100 
0-238 
0-333 
3183 

0-552 

0-351 , 
Total  of 
Specific 


’ Sulphate  of  potassium 
Chloride  of  potassium 
Chloride  of  sodium  . . 
Phosphate  of  sodium 
Soda  . . 

Phosphate  of  lime  ) 

Phosphate  of  magnesium  ) 


inorganic  constituents 
gravity  = 1 0261. 


. 0-157 
. 3-414 

. 2108 
. 0-857 

. 2-205 

. 0-218 


. 8959 


. 0-217 

. 0-447 

. 5-659 

. 0-443 

. 1074 

. 0-550 


. 8-390 


. 0-218 
. 0-448 
. 5677 

. 0-444 

. 1077 

. 0-552 


8-416 
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More  exact  quantitative  estimates  of  the  organic  con- 
stituents of  the  blood-corpuscles  have  been  given  by  Hoppe- 
Seyler  and  his  pupils.* 


One  Thousand  Pakts  op  Organic  Matter  in  the  Red  Corpuscles 

contain — 


Human  blood. 
I.  II. 

Dog’s 

blood. 

Hedge- 

hog. 

Goose. 

Coluber 

natrix. 

Oxyhemoglobin  . . 

86-8 

94-3 

86-5 

92-3 

62-7 

46-7 

Proteids  and  nuclein 

12-2 

5-1 

12-6 

7-0 

36-4 

45-9 

Lecithin  . . 

0-7 

0-4 

0-6 

,0-7 

05\ 

Cholesterin 

0-3 

0-3 

0'4 

— 

05/ 

Haemoglobin, t therefore,  is  the  only  organic  substance 
which  is  peculiar  to  the  red  corpuscles.  It  also  forms  the 
chief  constituent  of  the  dried  corpuscles.  We  have  already 
considered  the  composition  of  haemoglobin  and  the  question 
of  its  origin  (pp.  58  and  92-103),  and  we  shall  have  to  discuss 
the  importance  of  haemoglobin  in  respiration  in  the  following 
lecture.  The  products  of  decomposition  will  also  be  con- 
sidered at  a later  period  (Lectures  XVII.  and  XVIII.). 

The  organic  substances  found  in  serum  are  proteid,  fat, 
soaps,  cholesterin,  lecithin,  sugar,  urea,  kreatin,  and  a 
yellow  colouring  matter  soluble  in  alcohol  and  ether,  called 
lutein.  Among  the  proteids,  which  make  up  the  chief  part 
of  the  organic  substances,  two  groups  are  to  be  distin- 
guished, the  albumens  and  the  globulins.  The  former  are 
soluble,  the  latter  insoluble,  in  water,  but  globulins  are  dis- 
solved by  dilute  solutions  of  sodium  chloride.  If  serum  be 

* Hoppe-Seyler,  Med.  chem.  Unters.,  p.  391 ; and  Gustav  Jiidell,  ibid.,  p. 
38G : Berlin,  1868. 

f A description  of  all  the  physical  and  chemical  properties  of  haemoglobin 
would  be  beyond  the  scope  of  the  present  text-book.  I therefore  refer  the 
reader  to  the  accounts  of  Hoppe-Seyler  in  his  Med.  chem.  Unters.:  Berlin,  1866- 
1871 ; and  to  those  of  Hüfner  and  his  pupils  in  the  Zeitschr.  f.  physiol.  Chem.  ; and 
in  the  latest  volumes  of  the  Journ.  f.  pralct.  Chem.  Compare  also  Neueki  and 
Sieber,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  xviii.  p.  401  : 1884;  and  vol.  xx. 
pp.  325,  332  : 1S86. 
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subjected  to  dialysis,  the  salts  of  the  alkalies  diffuse  and  the 
globulins  are  precipitated,  whilst  the  albumens  remain  dis- 
solved (compare  p.  52).  The  relative  proportion  of  the  two 
varies  much.  The  result  of  starvation  is  to  reduce  the 
quantity  of  albumen  and  to  increase  the  quantity  of  globulin. 
It  would  thus  appear  that  globulin  is  the  form  which  proteid 
assumes  in  its  transference  from  one  organ  to  another.  We 
know  that  in  starvation  the  more  important  organs,  the 
centres  of  life,  are  nourished  at  the  expense  of  the  other 
organs,  chiefly  of  the  skeletal  muscles.*  Thus  Yoitj  found 
that  the  brain  and  spinal  cord  of  a cat,  after  thirteen  days’ 
starvation,  had  lost  only  3’2  per  cent,  of  its  weight,  the  heart 
only  2‘6  per  cent. ; the  skeletal  muscles,  on  the  other  hand, 
30'5  per  cent.  Miescher  found,  in  the  observations  already 
quoted  (p,  .91),  that  the  Rhine  salmon,  during  its  sojourn  in 
fresh  water,  eats  nothing,  and  that  the  organs  of  reproduc- 
tion, ovary  and  testes,  increase  at  the  expense  of  the  muscles. 
Miescher  f at  the  same  time  called  attention  to  the  fact 
that  during  this  period  the  globulins  of  the  blood,  which 
are  so  similar  to  those  of  muscle,  increase  in  quantity,  and 
the  maximum  of  this  increase  was  found  to  correspond  to  the 
period  of  maximum  growth  of  the  ovary. 

E.  Tiegel  § found  in  the  blood-serum  of  snakes,  whose 
alimentary  canal  was  empty,  only  globulin,  and  no  albumen  ; 
whereas  in  the  blood  of  snakes  whilst  digesting,  both  varieties 
of  proteid  were  constantly  present.  Burckhardt,||  Miescher’s 

* Chossat,  “Mem.  präsentes  a l’acad.  des  Sciences  de  l’Institut  de  France  : ” 
1843;  Bidder  and  Schmidt,  “Die  Verdauungssäfte  u.  der  Stoffwechsel,”  p.  327  : 
1852. 

t 0.  Voit,  Zeitsclir.  f.  Biolog.,  vol.  ii.  p.  355  : 18(16. 

X F.  Mieschcr-Rüsch,  Statistische  u.  biologische  Beiträge  zur  Kenntniss  vom 
Leben  des  Rheinlachses.  Separatabdruck  aus  d.  Schweiz.  Literatursammluug  zur 
internationalen  Fischereiausstellung  in  Berlin,  1880,  p.  211. 

§ E.  Tiegel,  Pflüger’s  Arch.,  bd.  xxiii.  p.  278  : 1880. 

II  Burckhardt,  Arch.  f.  exper.  Path.,  bd.  xvi.  p.  322  : 1883.  The  apparently 
contradictory  results  of  G.  Salvioli  are  probably  due  to  the  fact  that  the  period 
of  starvation  was  very  short  in  his  experiments.  Moreover,  Salvioli  used  another 
method  for  separating  the  two  proteids  (Du  Bois’  Arch.,  p.  208  : 1881). 
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pupil,  has  shown  that  the  globulins  in  the  blood  of  starving 
animals  are  increased  at  the  expense  of  the  albumens. 

The  conclusions  of  Danilewsky,*  that  the  muscles  of  an 
animal  which  have  the  least  work  to  do  are  richest  in 
globulin,  harmonize  with  these  observations.  It  would  appear 
that  the  muscles  are  not  only  organs  of  locomotion,  hut  also 
storehouses  for  proteid.  When  we  consider  that,  in  the  case 
of  pancreatic  digestion,  the  globulins  occur  as  a gradation 
between  proteid  and  peptone,  the  inquiry  suggests  itself 
whether  the  globulins  may  not  be  the  first  products  of  the 
disintegration  of  proteid.  The  globulins  appear  to  me  to  be 
the  essential  structural  principles  in  protoplasm.  In  favour 
of  this  view  is  the  fact  that  globulins  occur  in  the  ova  of 
animals,  and  in  the  seeds  and  roots  of  plants  (compare 
pp.  58,  54,  and  62).  Here  we  find  them  stored  up  in  large 
quantity  as  formative  material  for  the  later  growth  of  the 
embryo. 

The  composition  of  lymph  is  qualitatively  not  different 
from  that  of  plasma.  Quantitively  it  is  to  be  noted  that 
lymph  contains  the  same  amount  of  the  same  salts  as  the 
plasma,  but  less  proteid.  The  lymph  obtained  from  different 
parts  of  the  body  likewise  shows  great  variations  in  the 
amount  of  proteid.  The  same  is  true  of  the  different  patho- 
logical transudations ; ascitic  fluid,  the  fluid  in  the  pleural 
cavity,  pericardial  fluid,  dropsical  effusions,  the  fluid  of 
hydrocele,  cerebro-spinal  and  hydrocephalic  fluid,  are  all 
essentially  nothing  more  than  lymph,  augmented  by  patho- 
logical processes.  The  amount  of  proteid  in  these  fluids 
varies  from  0'2  to  5 per  cent.f  The  quantitative  relation  of 

* A.  Danilewsky,  Zeitsohr.  f.  physiol.  Cliem.,  vol.  vii.  p.  124  : 1SS2. 

f On  the  composition  of  the  lymph  and  pathological  transudations  in  man 
and  mammals,  see  Scherer,  “ Chem.  und  micro.  Untersuch,  z.  Path.  u.  s.  w.,” 
pp.  106,  et  seq.:  Heidelberg,  1843;  C.  Schmidt,  “Charact.  der  epidem.  Cholera 
gegenüber  verwandten  Transsudationsanomalien  : ” Leipzig,  1850 ; Hoppe- 
Seyler,  Deut.  Klinik,  No.  37  : 1853;  Arch.  Path.  Anat.,  vol.  ix.  p.  245  : 1856; 
Gubler  et  Quevenne,  Gaz.  medic,  de  Paris,  Nos.  24, 27,  30,  34 : 1854 ; Hensen  und 
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the  two  proteids,  globulins  and  albumens,  varies  between  as 
wTide  limits  as  in  plasma. 

The  result  of  all  investigation  up  to  the  present  time 
leads  us  to  think  that  when  blood,  lymph,  and  chyle,  or 
blood  and  a pathological  transudation  from  the  same  in- 
dividual, are  compared,  the  relation  of  two  proteids  to  one 
another,  in  the  blood-plasma  and  in  the  transudation,  is  the 
same,  whilst  the  total  proteid  may  be  very  different.* 

That  the  chyle  of  fasting  animals  is  nothing  more  than 
lymph,  and  that  it  only  contains  fat  particles  during  diges- 
tion, has  already  been  described  (Lecture  XII.). 

Dätmhardt,  Virchow’s  Arch.,  vol.  xxxvii.  pp.  55,  68:  1866;  Henson,  Pfiiiger’s 
Arch.,  vol.  x.  p.  94 : 1875 ; O.  Hammarsten,  Föreninge  förhandlingar  Upsala 
Läkare,  pp.  14,  33  : 1878. 

* G.  Salvioli,  Du  Bois’  Arch.,  p.  268  : 1881 ; and  F.  Hoffmann,  Arch.  f. 
exper.  Path.  u.  Pharm.,  vol.  xvi.  p.  133  : 1882. 
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LECTURE  XIV. 

GASES  OF  THE  BLOOD  AND  RESPIRATION — ^BEHAVIOUR  OF  OXYGEN  IN 
THE  PROCESSES'  OF  EXTERNAL  AND  INTERNAL  RESPIRATION. 

In  our  remarks  on  the  composition  of  blood,  no  account  has 
been  given  of  its  gaseous  constituents.  Three  gases  can  be 
pumped  out  of  blood  : * oxygen,  carbonic  acid,  and  nitrogen. 

The  amount  of  nitrogen  is  inconsiderable ; it  does  not  occur 
here  in  larger  quantities  than  it  does  in  watery  fluids  which 
come  into  contact  with  atmospheric  air.  Nitrogen  is  simply 
absorbed  by  the  blood, f and  it  appears  to  take  no  part  in 
vital  processes.! 

* A diagram  and  description  of  the  apparatus  used  for  pumping  out  the 
gases — the  gas-pump  of  Ludwig  and  of  Pflüger — are  given  in  every  text-book  of 
general  physiology.  As  I assume  that  all  my  readers  possess  such  a work,  I 
shall  not  describe  it  here.  The  original  description  and  diagram  of  the  gas-pump, 
with  which  most  of  the  experiments-  on  the  blood-gases  were  carried  out  in 
Ludwig’s  laboratory,  will  be  found  in  Alexander  Schmidt’s  treatise  in  Berichte 
über  die  Verhandl.  d.  7c.  sächsischen  Ges.  d.  IVissensch.  zu  Leipzig , Math,  physilr. 
Classe,  vol.  xix.  p.  30 : 1867 ; and  the  description  of  the  apparatus  constructed 
by  Geissler  and  Pflüger  in  Pflüger’s  “Untersuchungen  aus  dem  physiologischen 
Laboratorium  zu  Bonn,”  p.  183  : Berlin,  1865.  For  the  methods  of  gas-analysis, 
vide  Bunsen,  “ Gasometrische  Methoden,”  Braunschweig,  2nd.  edit.  : 1877;  and 
J.  Geppert,  “ Die  Gasanalyse  und  ihre  physiologische  Anwendung  nach  verbes- 
serten Methoden  : ” Berlin,  1866. 

f A knowledge  of  the  laws  that  govern  the  absorption  of  gases  is  essential  for 
the  comprehension  of  the  respiratory  processes.  The  beginner  who  is  not 
thoroughly  conversant  With  Dalton’s  law,  the  meaning  of  coefficient  of  absorption, 
partial  pressure,  etc.,  must  study  a text-book  of  physics  before  proceeding  with 
this  and  the  following  lectures. 

X The  theory  that  a small  part  of  the  nitrogen  issues  as  a free  element  from 
the  decomposition  and  oxidation  of  the  nitrogenous  food-stuff's  in  the  animal  body» 
has  been  upheld  by  some  until  quite  recently,  but  has  never  been  confirmed  by 
accurate  experiment.  For  this  tedious  contest,  vide  Pettenlcofer  aud  Voit, 
Zeitschr.f.  Biolog.,  vol.  xvi.  p.  50S  : 1SS0;  Seegen  and  Norwak,  Pflüger’s  Arch 


THE  GASES  OF  THE  BLOOD  AND  RESPIRATION — OXYGEN.  255 

The  two  other  gases,  on  the  other  hand,  are  of  great 
physiological  importance  : oxygen  is,  as  we  have  seen,  an 
essential  food-stuff,  the  most  potent  source  of  energy  ; car- 
bonic acid  is  one  of  the  ultimate  products  of  tissue-change, 
the  compound  in  which  the  bulk  of  the  carbon  leaves  the 
animal  body. 

The  absorption  of  oxygen  and  the  excretion  of  carbonic 
acid  take  place  among  the  lower  animals  over  the  whole 
surface  of  the  body ; among  the  higher  animals,  principally 
or  exclusively  in  differentiated  organs,  such  as  lungs,  gills, 
and  tracheae.  This  process  is  termed  external,  as  distin- 
guished from  internal,  respiration,  which  last  term  we  apply 
to  the  consumption  of  oxygen  and  the  formation  of  carbonic 
acid  in  the  tissues.  A few  authors  understand  by  this  latter 
term,  however,  only  the  physical  process  of  the  interchange 
of  gases  through  the  walls  of  the  blood-capillaries  (the  dif- 
fusion of  carbonic  acid  from  the  tissues  into  the  blood,  and 
of  oxygen  from  the  blood  into  the  tissues),  and'  not  the 
chemical  processes  of  oxidation,  of  the  assimilation  of  oxygen 
and  the  formation  of  carbonic  acid  in  the  tissues.  Venous 
blood  is  rendered  arterial  by  the  process  of  external  re- 
spiration; arterial  blood  venous  by  that  of  internal  respi- 
ration. 

As  the  skin  and  the  lungs  are  also  tissues  requiring 
oxygen  for  the  performance  of  their  functions,  the  process 
of  internal  respiration  goes  on  at  the  same  time  along  with 
that  of  external  respiration — the  latter  preponderating  in  the 
lung.  For  this  reason  the  pulmonary  vein  carries  arterial 
blood  to  the  heart.  The  former  process  preponderates  in 
the  skin  of  most  animals,  and  the  blood  contained  in  the 
cutaneous  veins  is  therefore  venous. 

We  will  now  consider  more  closely  the  behaviour  of  the 

vol.  xxv.  p.  383:  1881;  Hans  Leo,  Pfliiger’s  Arch.,  vol.  xxvi.  p.  218:  1881; 
J.:  Reiset,  Cnmpt.  rend.,  vol.  xcvi.  p.  519  : 1883.  The  earlier  literature  is  quoted 
in  these  works. 
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oxygen  and  carbonic  acid  in  the  processes  of  external  and 
internal  respiration.  Let  us  first  take  oxygen. 

Arterial  dog’s  blood,  which  has  served  for  most  of  the 
analyses  on  the  gases  of  blood,*  contains  in  100  vols.  from  19 
to  25  vols.  of  oxygen,  computed  at  0°  C.,  and  760  mms.  mer- 
curial pressure.  The  amount  of  oxygen  in  the  arterial  blood  of 
herbivora  (sheep,  rabbit)  is  found  to  be  smaller,  viz.  from 
10  to  15  per  cent,  of  volume. f 

This  amount  of  oxygen  is  far  too  large  to  remain  merely 
absorbed  in  the  blood.  One  hundred  volumes  of  water  absorb 
4 vols.  of  oxygen  at  0°  C.  from  an  atmosphere  of  pure 
oxygen,  and  from  the  ordinary  atmosphere,  in  which  the 
tension  of  the  oxygen  is  five  times  less,  it  would  therefore 
absorb  less  than  1 vol.  of  oxygen,  and  at  the  temperature 
of  the  body  even  less  still.  Watery  solutions  also  absorb 
less  than  pure  water ; a large  proportion  of  the  10  to  25  vols. 
of  oxygen  in  arterial  blood  must  therefore  be  chemically 
combined.J  We  know,  in  fact,  that  it  is  the  haemoglobin 
which  serves  for  this  loose  combination^  This  is  shown  by 
the  fact  that  a pure  solution  of  hasmoglobin,  containing  the 
same  amount  of  haemoglobin  as  the  blood,  combines  with  as 
much  oxygen  and  gives  off  as  much  in  vacuo  as  the  blood 
does.  The  larger  proportion  of  oxygen  in  dog’s  blood  than 
in  the  blood  of  herbivora  is  explained  by  the  fact  that  the 
former  is  endowed  with  a larger  amount  of  blood-corpuscles 
and  of  haemoglobin.  The  amount  of  haemoglobin,  and  there- 
fore of  oxygen,  is  much  less  considerable  in  the  blood  of  cold- 
blooded than  in  that  of  warm-blooded  animals. 

* Pflüger,  Centralb.  f.  d.  med.  Wissensch.,  p.  722 : 1867 ; and  Pflüger’s  Arch., 
vol.  i.  p.  288  : 1868.  The  previous  analyses  are  also  given  here. 

t Sczelkow,  Du  Bois’  Arch.,  p.  516:  1864;  Preyer,  Wiener  med.  Jahrber., 
p.  145  : 1865;  Fr.  Walter,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  vii.  p.  148  : 1877. 

X Liebig  in  his  Ann.  d.  Chem.  u.  Pharm.,  x ol.  Ixxix.  p.  112:  1851;  Lothar 
Meyer,  “ Die  Gase  des  Blutes,”  Dissert. : Gottingen,  1857 ; also  Henle  and 
Pfeufer’s  Zeitschr.  f.  rat.  Med.  N.  F.,  vol.  xviii.  p.  256  : 1S57. 

§ Hoppe-Seyler,  Arch.  f.  \path.  Anat.,  vol.  xxix.  p.  598:  1S64;  and  Med. 
chem.  Unters.,  p.  191 : 1867. 
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The  compound  of  oxygen  with  haemoglobin,  or  “ oxy- 
haemoglobin,”  is  well  known  to  be  of  a lighter  colour  than 
reduced  haemoglobin,  and  shows  different  lines  of  absorp- 
tion in  the  spectrum.  The  bright  red  colouring  of  arterial, 
and  the  dark  red  tint  of  venous,  blood  depend  upon  this 
fact. 

If  oxygen  is  chemically  combined  with  haemoglobin,  we 
should  anticipate  that  there  is  a simple  relation  between 
their  equivalents.  It  would  he  interesting  to  ascertain  how 
many  atoms  of  oxygen  go  to  one  atom  of  iron.  The  analyses 
made  up  to  the  present  time  are  not  exact  enough  for  this 
purpose  ; they  show,  however,  that  about  2 or  3 atoms  of 
oxygen  correspond  to  1 atom  of  iron.*  The  figures,  so  far, 
only  demonstrate  that  there  is  at  least  four  times  as  much 
oxygen  taken  up  in  the  transition  of  haemoglobin  into 
oxyhaemoglobin,  as  there  is  in  the  transition  from  suboxide  to 
oxide  of  iron,  or  from  ferrocyanide  to  ferricyanide  of  potassium. 
Possibly  the  sulphur  of  the  haemoglobin  also  plays  a part 
in  the  loose  oxygen  compound,  and  a similar  part  may  be 
assigned  to  the  sulphur  atoms  in  all  proteids  (compare  p.  24). 
It  is  noteworthy  that,  according  to  previous  analyses,  the 
animals  that  require  more  oxygen  (compare  Lecture  XIX.) 
have  likewise  more  sulphur  in  their  haemoglobin.  Four 
atoms  of  sulphur  in  the  haemoglobin  of  the  horse,  six  in  that 
of  the  dog,  and  nine  in  that  of  the  hen,  go  to  two  atoms  of 
iron.t  Is  this  an  accidental  correspondence  ? 

The  oxygen  in  loose  combination  with  the  haemoglobin 
may  be  displaced  by  an  equal  volume  of  carbonic  oxide, $ or  of 

* Hiifner,  Zeitschr.  f.  physiol.  Cliem.,  vol.  i.  pp.  317,  386 : 1877 ; vol.  iii.  p.  1 : 
1880.  John  Marshall,  Zeitsclir.f.  physiol.  Cliem.,  vol.  vii.  p.  81 : 1883.  Hiifner, 
Zeitsehr.  f.  physiol.  Chem.,  vol.  viii.  p.  358:  1881.  The  previous  estimates  are 
quoted  here.  Comparo  also  Hoppe-Soyler,  ibid.,  vol.  xiii.  p.  477  : 1889. 

t A.  Jaquet,  “ Beitr.  zur  Konntniss  dos  Blutfarbstoffes,”  Dissert. : Basel.  1889. 

t Cl.  Bernard,  “ Lemons  sur  les  effets  des  substances  toxiques,”  etc.  : Paris, 
1857;  Hoppe-Seyler,  Virchow’s  Arch.,  vol.  xi.  p.  288:  1857;  and  vol.  xxix.  pp. 
233,  597 : 1863 ; Lothar  Meyer,  “ De  Sanguine  oxydocarbonico  infecto,”  Dissert. 
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nitric  oxide,*  a fact  which  likewise  speaks  for  the  chemical 
union  of  the  oxygen. 

It  may  he  objected  that  the  oxyhaemoglohin  combination 
could  hardly  be  destroyed  by  a mere  vacuum,  if  it  were  really 
a chemical  compound.  But,  as  a matter  of  fact,  it  is  not  the 
vacuum  which  splits  up  the  oxyhaemoglohin,  but  the  heat. 
A solution  of  oxyhaemoglohin  may  be  evaporated  to  dryness 
at  a very  low  temperature,  i.e.  below  0°  C.,  in  vacuo ; the 
oxyhaemoglohin  crystals  are  not  affected.  The  higher  the 
temperature,  the  greater  must  be  the  pressure  of  oxygen 
in  order  to  counterbalance  the  dissociating  force  of  heat. 
The  affinity  of  a substance  increases  in  proportion  to  the 
number  of  atoms  which  co-operate  in  the  attraction,  or  in 
proportion  to  the  number  of  atoms  in  the  unit  of  volume. 
This  phenomenon  is  called  the  influence  of  mass  t (vide  supra, 
p.  162).  Two  antagonistic  forces  are  at  work  in  the  formation 
and  decomposition  of  oxyhemoglobin : heat  endeavours  to 
separate,  chemical  affinity  seeks  to  unite.  Affinity  increases 
with  the  influence  of  mass,  with  the  density,  with  the  partial 
pressure  of  the  oxygen.  The  vacuum,  therefore,  only  acts  by 
reducing  the  mass-influence  of  the  oxygen  to  a minimum, 
and  thus  enabling  the  antagonistic  heat  to  attain  supremacy. 

I may  here  remind  my  readers  of  an  analogous  pheno- 
menon well  known  in  inorganic  chemistry.  When  chalk  is 
burnt,  the  carbonic  acid  is  separated  from  the  lime  by  heat. 
But  this  separation  does  not  take  place  in  an  atmosphere  of 
pure  carbonic  acid ; on  the  contrary,  quicklime  unites  with 

Vratislaviso : 1858 ; Hoppe-Seyler,  Med.  ehern.  Unters.,  p.  201 : 1867 ; Zeitschr.  f. 
physiol.  Chem.,  vol.  i.  p.  131 : 1877 ; John  Marshall,  Zeitschr.  f.  physiol.  Chem., 
vol.  vii.  p.  81 : 1883;  R.  Külz,  ibid.,  p.  381;  G.  Hüfner,  Journ.  f.  prakt.  Chem. 
N.  F.,  vol.  xxx.  p.  67  : 1884. 

* L.  Hermann,  Du  Bois’  Arch.,  p.  469:  1865;  Hoppe-Seyler,  Med.  chem. 
Unters.,  p.  204:  1867;  W.  Preyor,  “Die  Blutkrystalle,”  p.  144:  Jena,  1871; 
Podolinski,  Pflüger’s  Arch.,  vol.  vi.  p.  553  : 1872. 

t For  the  explanation  of  the  phenomenon  of  the  influence  of  mass,  afforded 
hy  the  mechanical  theory  of  heat,  see  Lothar  Meyer,  “ Die  moderneu  Theorien 
der  Chemie,”  5th  edit.  p.  479  ; Breslau,  18S4. 
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C02  at  a high  temperature,  if  the  partial  pressure  of  the 
carbonic  acid  be  sufficient.  If  the  carbonate  of  lime  is  to  be 
rapidly  converted  into  quicklime,  a stream  of  another  gas 
must  he  passed  over  it,  so  as  to  reduce  the  partial  pressure 
of  the  carbonic  acid.  The  same  thing  takes  place  in  the 
relation  of  htemoglobin  to  oxygen.  In  the  alveoli  of  the 
lungs,  where  the  partial  pressure  of  the  oxygen  is  consider- 
able, the  litemoglobin  is  completely  or  very  nearly  saturated 
with  oxygen.  In  the  capillaries  of  the  tissues,  where  the 
oxygen  that  has  been  simply  absorbed  diffuses  itself  or 
enters  into  combination  with  reducing  substances,  so  that 
the  partial  pressure  diminishes,  a portion  of  the  combined 
oxygen  is  at  once  set  free  by  the  liberating  force  of  heat, 
and  the  partial  pressure  of  the  oxygen  rises  again  till  it 
balances  the  effect  of  the  heat.  In  this  way,  the  red  blood- 
corpuscle  is  always  surrounded  by  oxygen  under  a definite 
pressure. 

This  arrangement  serves  a double  purpose.  Firstly,  there 
is  far  more  oxygen  brought  to  each  tissue  by  the  blood-current 
in  a definite  period  than  would  be  possible  by  simple  absorp- 
tion of  the  oxygen  without  chemical  combination.  The 
processes  of  oxidation  might  go  on  much  more  rapidly,  and 
yet  there  would  not  be  a scarcity  of  oxygen.  The  amount  of 
oxygen  in  the  plasma  is  very  little  less  when  the  oxygen  is 
lavishly  used  up  than  when  it  is  economically  expended.  The 
store  of  oxygen  in  the  capillaries  is  never  exhausted  under 
normal  conditions.  In  venous  blood,  at  least  5 per  cent,  by 
volume  of  oxygen  is  always  found,  and  generally  far  more. 
Only  in  the  blood  of  asphyxiated  persons  does  the  oxygen 
almost  entirely  disappear.* 

Secondly,  the  chemical  combination  of  oxygen  offers  the 
great  advantage  that  the  intensity  of  the  processes  of  oxida- 
tion is,  to  a great  extent,  independent  of  the  pressure  of  the 

* N.  Stroganow,  Pfliiger’s  Arcli.,  vol.  xii.  p.  22:  1876.  Tho  previous  experi- 
ments on  the  blood  of  asphyxiated  individuals  aro  quoted  here. 
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oxygen  in  the  surrounding  media.  Direct  experiment  has 
shown  that  the  pressure  of  the  oxygen  in  the  surrounding 
atmosphere  may  increase  threefold  or  diminish  to  one-half 
without  any  disturbance  being  manifested  in  the  breathing 
of  a mammal.* * * § 

When  the  partial  pressure  is  reduced  still  further,  the 
frequency  of  respiration  increases ; and  when  it  sinks  to 
3’5  per  cent,  of  an  atmosphere,  the  animals  die.t 

Fraenkel  and  Geppart  f allowed  dogs  to  breathe  rarified 
atmospheric  air,  and  analyzed  the  gases  of  their  arterial  blood. 
They  found  that  when  the  pressure  of  air  sank  to  410  mms. 
of  mercurial  pressure,  the  normal  amount  of  oxygen  was 
retained  in  the  arterial  blood.  If  the  pressure  of  air  sank 
to  between  378  and  365  mms.  of  mercurial  pressure,  or  to 
half  of  an  atmosphere,  the  amount  of  oxygen  in  the  arterial 
blood  was  somewhat  diminished.  But  it  was  not  until  the 
atmospheric  pressure  sank  below  300  mms.  that  a consider- 
able decrease  of  oxygen  was  observed. 

The  partial  pressure  of  oxygen  might  ä prion  have  been 
thought  to  exercise  a much  slighter  influence  than  we  have 
shown  it  to  possess  ; for,  according  to  the  experiments  of 
Worm  Müller, § the  blood  outside  the  body  becomes  almost 
completely  saturated  with  oxygen  on  being  shaken  with 
atmospheric  air  of  only  75  mms.  of  mercurial  pressure.  But 
these  experiments  were  carried  out  at  the  temperature  of  the 
room.  At  the  temperature  of  the  body,  decomposition  of  the 
oxyhsemoglobin  begins  at  a higher  partial  pressure,  as  Paul 


* Wilh.  Müller,  Ann.  d.  Cliem.  u.  Pharm.,  vol.  cviii.  p.  257 : 1S58.  Paul 
Bert,  “ La  pression  barometrique  : ” Paris,  1878.  A.  Fraenkel  and  J.  Geppert, 
“ Ueber  die  Wirkungen  der  verdünnten  Luft  auf  den  Organismus : ” Berlin, 
Hirschwald,  1883.  Vide  also  L.  de  Saint  Martin,  Gompt.  rend.,  vol.  xcviii.  p.  241  : 
1884 ; and  S.  Lukjanow,  Zeitschr.  f.  physiol.  Chem.,  vol.  viii.  p.  313  : 1884. 

f N.  Stroganow,  Pflüger’s  Arch.,  vol.  xii.  p.  31 : 1S76.  An  account  of  former 
work  is  given  here. 

X Fraenkel  and  Geppert,  loc.  cit.,  p.  47.  The  experiments  similar  to  those 
of  Paul  Bert  are  also  critically  discussed  here. 

§ Worm  Müller,  Her.  d.  sächs.  Ges.,  vol.  xxii.  p.  351:  1870. 
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Bert  * and  Fraenkel  and  Geppert  f have  shown.  And,  besides, 
it  must  he  remembered  that,  in  the  lungs,  oxygen  at  a low 
tension  cannot  be  diffused  through  the  walls  of  the  alveoli 
rapidly  enough  to  saturate  each  blood-corpuscle  during  its 
short  transit  through  the  capillaries. 

The  experience  obtained  in  mountain  and  balloon  ascents 
is  in  complete  harmony  with  the  results  of  the  experiments 
on  animals 4 Beal  dyspnoea  does  not  begin  till  a height  of 
5000  ms.  is  reached,  which  corresponds  to  a mercurial  pres- 
sure of  400  mms.  Human  beings  and  animals  live  as  well 
on  the  high  plateaus  of  the  Andes,  at  4000  ms.  above  the 
surface  of  the  sea,  as  on  the  sea-coast.  • 

We  must  now  ask  in  what  organs  and  tissues  of  our  bodies 
the  oxygen  gets  used  up. 

Lavoisier,  who  first  recognized  the  importance  of  oxygen 
in  vital  processes,  thought  that  combustion  occurred  exclu- 
sively in  the  lung.  It  was  not  until  Magnus  § had  analyzed 
the  gases  of  the  blood  that  it  was  proved  that  oxygen 
passes  on  to  the  capillaries,  and  there  partially  disappears. 
But  the  question  as  to  whether  the  processes  of  oxidation 
are  completed  only  within  the  closed  blood  - current,  or 
whether  free  oxygen  is  diffused  through  the  walls  of  the 
capillaries  into  the  tissues,  has  not  yet  been  decided. 

The  former  theory,  i.e.  that  the  oxygen  is  consumed 
within  the  blood-vessels,  has  found  supporters  even  up  to 
the  present  time.  The  most  obvious  objection  to  it  is, 
that  kinetic  energy  is  liberated  in  the  tissues,  and  particu- 
larly in  the  muscles,  and  that  the  most  fertile  source  of 
energy  lies  in  the  affinity  of  oxygen  for  the  substances  of 
nutrition.  But,  on  the  other  hand,  we  know  that  there  is 
stored  up  in  food  a considerable  amount  of  chemical  poten- 

* Paul  Bert,  loc.  cit.,  p.  691. 

t Fraenkel  and  Geppert,  loc.  cit.,  p.  57. 

X Paul  Bert,  loc.  cit.,  gives  an  interesting  account  of  those  experiences. 

§ G.  Magnus,  Ann  d.  Physik.,  vol.  xl.  p.  583 : 1837 ; and  vol.  lxiv.  p.  177 : 
1845. 
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tial  energy,  which  is  converted  into  kinetic  energy  by  the 
mere  decomposition  of  the  food-stuffs,  without  any  oxida- 
tion taking  place  (compare  Lectures  X.  and  XIX.).  The 
amount  of  this  potential  energy  is  not  exactly  known;  it 
must  be  admitted  that  it  may  be  sufficient  to  perform  the 
work  of  muscle,  and  that  the  products  of  decomposition  thus 
formed  may  diffuse  into  the  capillaries,  to  he  there  oxidized, 
and  then  to  serve  as  sources  of  bodily  heat. 

This  view  appeared  to  receive  confirmation  from  the  fol- 
lowing experiment  of  Ludwig  and  Alexander  Schmidt.*  It 
has  already  been  mentioned  that  the  blood  of  animals  which 
have  died  trom  suffocation  contains  only  traces  of  oxygen,  and 
sometimes  none  at  all.  If  oxygen  be  added  to  such  blood  out- 
side the  body,  a part  of  the  oxygen  thus  artificially  introduced 
rapidly  disappears,  and  the  carbonic  acid  is  increased.  The 
blood  from  asphyxiated  animals  contains  substances  that  are 
readily  oxidized.  The  blood  of  other  animals  also  combines 
with  some  oxygen  outside  the  body,f  but  the  amount  is  much 
less,  and  disappears  much  more  slowly  than  in  the  case  of 
the  blood  from  asphyxiated  animals. J Ludwig  and  Alexander 
Schmidt  explain  these  facts  thus  : under  normal  conditions, 
readily  oxidized  compounds  are  continually  finding  their 
way  from  the  tissues  into  the  capillaries,  where  they  are 
immediately  decomposed  by  the  free  oxygen,  so  that  they 
cannot  be  traced  in  normal  blood.  In  asphyxiated  animals, 
on  the  other  hand,  they  remain  stored  up  in  the  blood  in 
consequence  of  the  absence  of  oxygen.  According  to  the  laws 
which  govern  the  diffusion  of  gases,  we  should  expect  to  find 
that  the  oxygen  in  the  blood  would  penetrate  the  liquids  of 
all  the  tissues.  It  is,  however,  conceivable  that  the  oxygen 
may  be  hindered  from  doing  so  by  the  reducing  substances, 

* Alex.  Schmidt,  Ber.  über  die  Verkandl.  der  sacks.  Ges.  der  Wissensck.  zu 
Leipzig,  Math.  phys.  Olasse,  vol.  xix.  p.  99:  1S67.  Vide  also  N.  Strogauow. 
Pfliiger’s  Arch,  vol.  xii.  p.  41  : 1876. 

t Pflüger,  Centralb.f.  d.  med.  Wissensck.,  pp.  321,  722:  1867. 

X Alex.  Schmidt,  loc.  cit.,  p.  108. 
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which,  flowing  unintermittently  from  the  tissues  into  the 
blood,  meet  the  oxygen  on  its  way  and  prevent  its  advance 
beyond  the  capillary  wall. 

The  opposite  view,  that  oxidation  takes  place  in  the  other 
tissues  as  well,* * * §  rests  upon  the  following  facts  of  comparative 
physiology.f  It  is  well  known  that  nearly  all  the  lower 
animals  which  have  no  blood,  die  at  once  without  oxygen, 
and  that  this  source  of  energy  is  indispensable  to  every  cell.t 
The  vegetable  cell  has  likewise  essentially  the  same  meta- 
bolism, and  cannot  live  without  free  oxygen  (vide  p.  44).  The 
higher  animals,  with  a differentiated  system  of  blood-vessels, 
require  oxygen  in  the  first  stages  of  existence,  even  before  the 
formation  of  blood-corpuscles,  as  the  respiration  of  a bird’s 
egg  shows. § 

Nevertheless,  we  cannot  admit  that  these  facts  afford 
indubitable  proof  of  respiration  in  the  tissues  of  the  higher 
animals  when  fully  developed ; for  the  essence  of  the  higher 
organization  consists  in  the  fact  that  there  is,  synchronous 
with  the  differentiation  of  the  tissues  and  organs,  a division 
of  labour.  It  is  quite  conceivable  that  decomposition  and 
oxidation  may  take  place  in  the  same  cell  among  the  lower 
animals  only,  and  that  in  the  more  highly  organized  ones  the 
duty  of  oxidation  is  exclusively  relegated  to  the  blood,  the 
processes  of  decomposition  going  on  in  the  other  tissues. 

But  it  can  be  shown  that  oxidation  also  occurs  in  the 


* The  first  decided  advocate  of  this  view  was,  so  far  as  I know,  Moritz 
Traube,  Virchow’s  Arch.,  vol.  xxi.  p.  386:  1861. 

t Pflüger,  in  his  Arch.,  vol.  x.  p.  270:  1875. 

+ It  is  still  a matter  of  controversy  whether  certain  organisms  of  the  lowest 
kind — yeast-cells,  certain  bacteria — can  live  entirely  without  free  oxygen,  “ anae- 
robic.” It  appears,  however,  that  this  question  may  now  be  answered  in  the 
affirmative.  Vide  J.  W.  Gunning,  Journ.  f.  praht.  Ghem.,  vol.  xvi.  p.  314:  1877; 
vol.  xvii.  p.  266:  1878;  and  vol.  xx.  p.  434:  1870  ; Nencki,  Journ.  f.  prald.  Chen i., 
vol.  xix.  p.  337  : 1879;  Br.  Lachowicz  und  Nencki,  Pflüger’s  Arch.,  vol.  xxxiii. 
p.  1 : 1883;  and  Nencki,  Pflüger’s  Arch.,  vol.  xxxiii.  p.  10  : 1883.  Compare  also 
G.  Bunge,  “Ueber  das  Sauerstoff  bedürfniss  der  Darmparusiten,”  Zeit  sehr.  /. 
physiol.  Ghem.,  vol.  viii.  p.  48;  1883. 

§ J.  Baumgartner,  “Der  Athmuugsprocess  im  Ei,”  Freiburg  i.  B. ; 1861. 
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tissues  of  insects,  which  possess  a vascular  system,  although 
not  so  highly  developed  as  the  vertebrata.  This  is  proved  by 
the  fact  that  the  finest  branches  of  a trachea  run  down  as  far 
as  the  individual  cells  of  the  tissue.*  The  observations  made 
by  Max  Schultzet  on  the  Lampyris  splendidula  are  particularly 
conclusive.  In  the  glow  organs  of  this  animal  certain  cells 
adhere  to  the  tracheal  endings,  “like  the  flowerets  of  an 
umbelliferous  plant.”  These  cells,  as  well  as  the  tracheal 
endings,  stain  a deep  black  with  osmic  acid,  owing  to  the 
separation  of  the  metallic  osmium ; consequently  there  is 
present  in  these  cells  a substance  with  a powerful  attraction 
for  oxygen.  It  may,  therefore,  readily  be  supposed  that  this 
substance,  by  combining  with  the  oxygen  introduced  through 
the  trachea,  brings  about  the  development  of  light.  The 
illuminating  power  of  the  two  glow  organs  continues  after 
they  have  been  isolated,  and  even  after  a microscopic  section 
has  been  made.  Max  Scliultze  observed  under  the  microscope 
that  “with  the  rhythmic  increase  and  diminution  of  the 
light,  which  these  animals  generally  exhibit  distinctly,  the 
first  appearance  of  the  light  is  characterized  by  minute 
coruscations  in  the  glow  organ,  which  correspond  in  number 
and  arrangement  to  the  terminal  cells  of  the  trachea.” 
When  the  oxygen  is  withdrawn,  the  illuminating  power 
ceases. £ Max  Schultze  also  remarks  that  the  tracheal  ter- 
minations in  other  organs,  as  well  as  those  in  the  glow 
organs,  are  rapidly  stained  black  if  the  animals  be  placed 
alive  in  osmic  acid. 

* Kupffer,  “ Beiträge  zur  Anatomie  und  Physiologie,  als  Festgabe  0. 
Ludwig  gewidmet  von  seinen  Schülern,”  p.  67  : 1875;  Finkler,  Pflüger’s  Arch., 
vol.  x.  p.  273 : 1875. 

t Max  Schultze,  Arch.  f.  mik.  Anat.,  vol.  i.  p.  124 ; 1S65. 

X An  interesting  account  of  the  numerous  observations  on  the  illuminating 
power  of  various  animals,  and  on  the  way  in  which  it  depends  upon  oxygen,  is 
given  by  Milne  Edwards,  “ Le<jons  sur  la  physiologie  et  l’anatomie  compare'e,” 
vol.  viii.  pp.  93-120:  Paris,  1863;  and  by  Ptluger,  in  his  Arch.  f.  d.  gcs.  Phys., 
vol.  x.  pp.  275-300  : 1875.  For  the  experiments  on  the  chemical  side,  vide 
Radziszewski,  Her.  d.  deut.  chem.  Ges.,  vol.  xvi.  p.  597 : 1883,  where  the  previous 
writings  on  this  subject  are  quoted. 
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In  view  of  these  facts,  it  cannot  be  doubted  that  free 
oxygen  is  used  up  in  the  tissues  of  insects.  A critical  observer 
will  nevertheless  hesitate  before  applying  these  results  to  the 
vertebrata.  In  the  case  of  the  latter,  it  is  only  in  the  placenta 
of  mammals  and  in  the  salivary  glands  that  the  oxygen  has 
been  definitely  proved  to  make  its  way  out  through  the 
capillary  walls. 

The  blood  of  the  umbilical  vein  is  of  a brighter  red  than 
that  of  the  umbilical  arteries,  and  oxyhaemoglobin  can  be 
traced  in  the  former  by  the  spectroscope.*  It  is  well  known 
that  the  blood-vessels  of  the  mother  and  of  the  embryo  do  not 
communicate  in  the  placenta ; they  form  two  separate  capillary 
systems.  The  oxygen  must,  therefore,  be  first  diffused 
through  the  capillary  walls  of  the  mother’s  vascular  system, 
and  then  through  those  of  the  foetus,  before  reaching  the 
blood  of  the  latter. 

That  oxygen  passes  through  the  capillary  wall  in  the 
salivary  glands  is  apparent,  for  the  simple  reason  that  the 
saliva  contains  free  oxygen.  So  large  an  amount  of  oxygen 
passes  out  of  the  blood,  therefore,  that  the  cells  of  the 
glandular  tissue  cannot  consume  it,  and  the  excess  escapes 
with  the  secretion.  Pflüger  f ascertained  the  presence  of 
absorbed  oxygen  in  the  submaxillary  secretion  with  the  aid 
of  the  gas-pump ; he  found  that  it  amounted  from  CP4  to  0’6 
per  cent,  of  the  volume  of  the  saliva.  This  fact  was  confirmed 
by  Hoppe-Seyler,  who  used  a very  sensitive  test  for  free  oxygen, 
a htemoglobin  solution,  which,  on  coming  into  contact  with 
fluids  containing  oxygen,  at  once  shows  the  absorption-bands 
characteristic  of  oxyhfomoglobin.f  Hoppe-Seyler  found  that 


* Zweifel,  Arcli.  f Gynäkologie,  vol.  ix.  p.  201 : 1876  ; Zuntz,  Pflüger’ s Arch., 
vol.  xiv.  p.  605:  1877. 

t Pflüger,  in  his  Arch.,  vol.  i.  p.  686 : 1868. 

X Hoppe-Seyler,  Zeitschr.  f.  physiol.  Chem.,  vol.  i.  p.  135 : 1877.  The  appa- 
ratus used  by  him  to  admit  of  the  action  of  the  limmoglobin  solution  on  the 
secretion,  without  coming  iu  contact  with  the  atmospheric  air,  is  described 
here. 
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the  secretions  of  both  the  submaxillary  and  of  the  parotid 
contained  oxygen. 

Hoppe- Seyler,  on  the  other  hand,  could  detect  no  trace  of 
oxygen  in  the  bile  and  urine  with  the  aid  of  his  sensitive 
reagent.*  Nor  has  any  free  oxygen  hitherto  been  indubitably 
found  in  lymph.  Free  oxygen  has,  therefore,  not  been  proved 
with  certainty  to  exist  in  most  organs  of  vertebrata. 

Pflüger  and  Oertmannf  founded  their  proof  on  the  following 
experiment.  They  showed  that  a frog,  in  whose  vascular 
system  a solution  of  common  salt  circulated  instead  of  blood, 
used  up  as  much  oxygen,  and  produced  as  much  carbonic 
acid  in  an  atmosphere  of  pure  oxygen,  as  a normal  frog  would 
do.  A delicate  canula  is  tied  into  the  central  end  of  the 
abdominal  veinj  of  a frog,  and  a 0*75  per  cent,  solution  of 
salt  injected  in  a centripetal  direction,  until  increasingly 
diluted  blood,  and  finally  pure  salt  solution,  flowed  from  the 
peripheral  opening  of  the  vein.§  Frogs  thus  treated  generally 
lived  one  or  two  days.  If  such  frogs  were  introduced  into  an 
atmosphere  of  pure  oxygen,  they  consumed  as  much  oxygen 
and  developed  as  much  carbonic  acid  in  from  ten  to  twenty 
hours  as  a normal  animal.  Oertman  concluded  from  this 
experiment  that  oxidation  proceeded  only  in  the  tissues, 
because  they  alone  used  up  as  much  oxygen  as  the  tissues 
and  the  blood  together.  But  this  is  not  a necessary  conclusion. 
The  facts  may  equally  well  be  interpreted  in  support  of  the 
opposite  view.  It  might  be  argued  in  this  case  that,  again, 
only  processes  of  decomposition  had  taken  place  in  the  tissues 

* The  traces  of  oxygen  which  Pflüger  (Arcli.,  vol.  ii.  p.  156  : 1S69)  found  in 
the  gases  that  were  pumped  out  of  the  urine,  milk,  and  bile,  were  probably  only 
due  to  the  unavoidable  impregnation  with  atmospheric  air. 

f E.  Oertmann,  Pflüger’s  Arch,,  vol.  xv.  p.  381 : 1877. 

J The  work  of  Alex.  Ecker,  “ Die  Anatomie  des  Frosches,”  Vieweg  and  Sohn, 
1864-1882  (translated  into  English  by  G.  Haslam,  Foreign  Biological  Memoirs: 
Clarendon  Press,  Oxford),  will  serve  to  acquaint  the  reader  with  the  anatomy  of 
the  frog.  It  is  plentifully  supplied  with  illustrations,  and  contains  a complete 
account  of  the  literature  of  the  sübject. 

§ This  method  of  obtaining  frogs  free  from  blood  was  first  introduced  by 
Cohnhcim  (Virchow’s  Arch.,  vol.  xlv.  p.  333:  1869). 
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of  the  “salt-frog;”  that  the  products  of  decomposition  had 
been  diffused  through  the  capillary  wall  into  the  solution  of 
salt  containing  oxygen,  and  had  been  oxidized  within  the 
closed  vascular  system.  The  partial  pressure  of  the  oxygen, 
being  five  times  greater  than  normal,  had  made  up  for  the 
want  of  haemoglobin. 

To  conclude  this  subject,  we  may  state  the  following 
very  interesting  fact,  ascertained  by  Ludwig  and  his  pupils. 
Afonassiew  * found  that  the  reducing  substances  of  the  blood 
from  asphyxiated  animals  occur  only  in  the  blood-corpuscles, 
and  not  in  the  serum ; and  Tschiriew  f found  that  the  lymph 
of  such  animals  is  also  free  from  these  substances. 

It  thus  appears  that  the  blood  is  only  concerned  in  pro- 
cesses of  oxidation  in  so  far  as  living  cells  are  suspended  in 
it ; that  all  oxidations  in  our  body  proceed  exclusively  in  the 
active  elements  of  the  tissues,  in  the  cells  and  the  products  of 
their  metamorphosis,  but  not  in  the  fluids  surrounding  them. 

This  theory  is  rendered  so  probable  by  all  the  facts  and 
analogies  of  the  case,  that  it  is  accepted  by  every  physiologist. 

"We  have  now  to  consider  how  the  rapid  and  complete 
oxidation  of  the  nutritive  substances  in  our  tissues  is  to  be 
explained.  The  food  eaten  at  the  most  abundant  meal 
becomes,  before  six  hours  have  elapsed,  nearly  all  converted, 
by  oxidation,  into  the  ultimate  products,  carbonic  acid,  water, 
and  urea;  whereas  proteid,  fats,  and  carbohydrates  are  not 
affected  by  oxygen  external  to,  and  at  the  temperature  of, 
the  body.  Other  conditions  favourable  to  oxidation  must, 
therefore,  be  present  in  the  body. 

The  most  obvious  suggestion  was,  that  the  alkalinity  of 
the  blood,  of  lymph,  and  of  protoplasm  had  something  to  do 
with  the  matter.  It  is  known  that  the  oxidation  of  organic 
substances  proceeds  more  rapidly  in  an  alkaline  than  in  a 
neutral  or  acid  solution.  I may  remind  my  readers  of  the 

* N.  Afonaeaiew,  Tier.  cl.  säclis.  Ges.  d.  Wissenseh.,  vol.  xxiv.  p.  253  : 1872. 
t S.  Tschiriew,  ibid.,  vol.  xxvi.  p.  116:  1874. 
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behaviour  of  pyrogallol — and,  indeed,  of  all  polyatomic  phenols 
— of  the  leuco-compounds  of  numerous  colouring  matters,  of 
grape-sugar,  etc.  The  latter,  dissolved  in  soda,  absorbs 
oxygen  rapidly  at  the  temperature  of  the  body.  But  it  must 
be  remembered  that  for  this  purpose  free  alkali  is  necessary, 
whereas  our  tissues  only  contain  carbonates,  or  possibly  bicar- 
bonates of  the  alkalies,  as  free  carbonic  acid  penetrates  all 
tissue  elements. 

Nencki  and  Sieber  * have  indeed  shown  that  dilute  solu- 
tions of  sodium  carbonate  and  grape-sugar,  or  proteid,  also 
absorb  oxygen.  But  the  amount  absorbed  is  small,  and  the 
absorption  takes  place  very  slowly.  Additional  factors  must 
therefore  be  at  work  in  our  tissues. 

Recourse  has,  therefore,  been  had  to  the  assumption  that 
a portion  of  the  inspired  oxygen  is  converted  in  our  tissues 
into  that  powerful  oxidizing  modification  termed  ozone.  Even 
Schönbein, f the  discoverer  of  ozone,  mentioned  this  hypothesis. 
What,  therefore,  is  known  concerning  ozone  ? 

If  the  electrical  induction-current  be  allowed  to  pass 
through  oxygen-gas,  condensation  takes  place,  and  the  oxygen 
now  contains  ozone.  A small  part  only  of  the  oxygen — at 
most  5 per  cent. — is  converted  into  ozone.  The  volume  of  the 
ozone  amounts  to  only  two-thirds  of  that  of  the  oxygen,  from 
which  it  was  formed.  Soret  \ has  ascertained  this  in  the 
following  manner.  Oil  of  turpentine  absorbs  only  the  ozone 
from  oxygen  containing  ozone,  the  amount  of  which  is  ascer- 
tained from  the  diminution  of  volume.  If  a sample  of  this 
oxygen  containing  ozone  be  heated,  the  ozone  is  destroyed, 
and  the  volume  increases.  This  increase  of  volume  is  always 
half  as  much  as  the  diminution  of  volume  by  absorption. 

* Nencki  and  Sieber,  Journ.  f.  prakt.  Gliem.,  vol.  xxvi.  p.  1 : 18S2.  Compare 
also  Sclimiedeberg,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  xiv.  pp.  291-295  : 1881 ; 
and  Salkowski,  Zeitschr.  f.  physiol.  Ghem.,  vol.  vii.  p.  115:  18S2. 
t Schönbein,  Poggendorff’s  Annal.,  vol.  lxv.  p.  171  : 1845. 
t Soret,  Ann.  Glum.  Pharm.,  vol.  cxxvii.  p.  38 : 1863  ; vol.  cxxx.  p.  95  : 1863  • 
Suppl.  v.  p.  148  : 1867  ; Compt.  rend.,  t.  lvii.  p.  604:  1863. 
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Therefore,  on  heating,  one  volume  of  ozone  becomes  one  and 
a half  volumes  of  oxygen,  two  volumes  of  ozone  become  three 
volumes  of  oxygen.  It  follows,  both  from  this  fact  and  from 
Avogadro’s  hypothesis  (that  equal  volumes  of  gas  contain  an 
equal  number  of  molecules),  that  ozone  contains  three  atoms 
of  oxygen  in  each  molecule.  Three  oxygen  molecules  of  two 
atoms  each  have  produced  two  ozone  molecules  of  three 
atoms.  We  may  imagine  that  the  two  atoms  in  the  oxygen 
molecule  become  separated  from  each  other  by  the  kinetic 
energy  of  the  electric  current,  and  each  of  them  attaches 
itself  loosely  to  an  intact  oxygen  molecule.  This  third 
oxygen  atom,  thus  loosely  combined,  has  a strong  affinity  for 
oxidizable  substances.*  In  fact,  in  oxidation  by  ozone,  never 
more  than  a third  of  the  weight  of  the  ozone  enters  into 
combination,  and  no  diminution  of  volume  of  the  oxygen 
containing  ozone  occurs. 

This  theory  is  also  strictly  in  accordance  with  the  fact 
that  even  at  a low  temperature  ozone  oxidizes  substances 
which  ordinary  oxygen  does  not  attack  except  at  a high  tem- 
perature. In  the  case  of  ordinary  oxygen,  the  atoms  must 
first  be  separated  by  the  kinetic  energy  of  heat.  With  ozone, 
this  was  done  beforehand  by  the  kinetic  energy  of  the  electric 
current. 

It  is  well  known  that  ozone  also  arises  a§  a by-product 
during  the  slow  oxidation  of  phosphorus.  An  idea  can  be 
formed  of  this  process  by  the  following  explanation : during 
the  slow  oxidation  only  one  of  the  two  atoms  of  the  oxygen 
molecule  enters  into  combination  with  the  phosphorus ; and 
the  other  attaches  itself  to  an  undecomposed  molecule  of 
oxygen. 

It  may  be  seen  from  the  above  that  the  third  oxygen 
atom  in  the  ozone  molecule,  which  causes  the  powerful  oxi- 
dations, can  have  no  other  property  than  that  of  nascent 
oxygen.  In  fact,  it  can  be  proved  that  wherever  slow  oxi- 
* Clausius,  Poggendorffs  Annal.,  vol.  cxxi.  p.  250:  1861. 
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elation  occurs,  a part  of  the  oxygen  acquires  “ active  qualities,” 
and  acts  in  the  same  way  as  the  ozone  formed  during  slow 
oxidation  of  phosphorus.  We  cannot  expect  that  ozone 
should  be  formed  when  oxidizable  substances  are  present, 
as  these  fix  the  nascent  oxygen  atom  before  it  can  unite  with 
a molecule  of  oxygen  to  form  one  of  ozone. 

It  is  with  such  conditions  that  we  have  to  deal  in  the 
organism,  and  for  these  reasons  ozone  is  never  formed  in 
the  body,  though  we  meet  with  energetic  processes  of  oxi- 

v 

dation.  A priori  there  is  no  point  in  trying  to  trace  ozone 
in  the  animal  body.  Many  litres  of  oxygen  containing  ozone 
might  he  introduced  into  the  blood,  and  yet  we  could  not 
pump  out  a single  molecule  of  ozone. 

The  following  experiments  show  that  some  of  the  oxygen 
atoms  attain  “active  properties”  during  slow  oxidation  by 
ordinary  oxygen. 

If  ammonia  be  present  during  the  oxidation  of  pyrogallol 
in  alkaline  solution  by  atmospheric  oxygen,  it  becomes  oxi- 
dized into  nitrous  acid.* * * §  Peroxide  of  hydrogen  is  formed 
during  the  oxidation  of  benzaldehyde.f  If  metallic  sodium 
be  oxidized  by  air  in  the  presence  of  petroleum-ether,  the 
hydrocarbons,  which  compose  the  latter,  are  converted  into 
the  corresponding  alcohols  and  acids. f 

It  is  well  Jmown  that  benzol  cannot  he  converted  into 
phenol  by  the  action  of  the  ordinary  oxidizing  agents,  but  that 
it  can  by  means  of  ozone. § It  can,  however,  be  done  by  ordi- 
nary oxygen,  if  ferrous  or  cuprous  sulphate  are  present.  || 

* This  experiment  of  Baumann’s  was  communicated  by  Hoppe-Seyler,  Ber.  d 
deutsch,  chem.  Ges.,  vol.  xii.  p.  1553 : 1879. 

t Radenowitsch,  Ber.  d.  deutsch,  chem.  Ges.,  p.  1208  : 1873. 

% Hoppe-Seyler,  Ber.  d.  deutsch,  chem.  Ges.,  vol.  xii.  pp.  1553,  1551 : 1879. 

§ Neneki  and  P.  Giacosa,  Zeitschr.  f.  physiol.  Chem.,  vol.  iv.  p.  339 : 1880. 
Leeds  (Ber.  d.  deutsch,  chem.  Ges.,  vol.  xiv.  p.  975  : 1881)  could  not  confirm 
this  account;  in  his  experiments,  the  benzol  was  oxidized  into  carbonic  acid, 
oxalic  acid,  formic  acid,  aud  acetic  acid.  But  the  conditions  under  which  the 
experiments  were  carried  out  differed  in  the  two  cases. 

||  Nencki  and  Sieber,  Journ.f.  pralct.  Chem.,  vol.  xxvi.  pp.  21,  25:  1S82. 
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We  must  imagine  that  the  suboxide  fixes  one  of  the  two  oxygen 
atoms,  while  the  one  set  free  oxidizes  the  benzol. 

Palladium-hydrogen  has  the  same  effect  as  the  suboxide 
of  iron  or  copper.  Graham  has  shown  that  if  palladium  foil 
he  employed  as  the  negative  electrode  in  the  electrolysis  of 
water,  no  hydrogen  is  developed  at  this  pole.  The  hydrogen 
unites  with  the  palladium.  The  metal  takes  up  nine  hundred 
times  its  volume  of  the  gas,  while  at  the  same  time  its  own 
volume  increases.  This  combination  gradually  liberates  a 
part  of  the  hydrogen ; it  behaves  like  nascent  hydrogen. 
When,  therefore,  the  palladium-hydrogen  comes  in  contact 
with  atmospheric  oxygen,  the  hydrogen  becomes  oxidized,  a 
part  of  the  oxygen  is  rendered  “ active,”  and  if  benzol  is 
present,  it  is  converted  into  phenol,  as  it  would  be  by  ozone.* 

Nascent  oxygen,  as  might  ä 'priori  be  assumed,  acts  as  a 
more  energetic  oxidizer  even  than  ozone.  Ozone,  for  instance, 
cannot  oxidize  free  nitrogen,  any  more  than  it  can  carbonic 
oxide.  The  nascent  oxygen,  on  the  other  hand,  arising  from 
the  action  of  palladium-hydrogen  on  ordinary  oxygen,  oxi- 
dizes free  oxygen  to  nitrous  acid,  and  carbonic  oxide  to  car- 
bonic acid.f 

If  benzol  is  introduced  into  our  body,  it  mostly  reappears 
in  the  urine  as  phenol.}  We  may  therefore  assume  that 
reducing  substances  also  occur  in  our  tissues,  and  play  a part 

* Hoppe-Seyler,  Zeitschr.  f.  •physiol.  Chetn.,  vol.  ii.  p.  22 : 1878 ; and  vol.  x. 
p.  35:  1886;  Ber.  d.  deutsch  chem.  Ges.,  vol.  xii.  p.  1551:  1879;  and  vol.  xvi. 
pp.  117,  1917:  1883.  Compare  also  Leeds,  ibid.,  vol.  xiv.  p.  975:  1881;  and 
Moritz  Traube,  ibid.,  vol.  xv.  p.  659;  vol.  xvi.  pp.  123,  1201:  1883;  and  vol. 
xviii.  pp.  1877-1900 : 1885 ; also  Baumann  and  Preusse,  Zeitschr.  f.  physiol. 
Chem.,  vol.  iv.  p.  453:  1880;  Nencki,  Journ.  f.  pralct.  Chem.,  vol.  xxiii.  p.  87  : 
1880  ; and  Baumann,  Zeitscr.  f.  physiol.  Chem.,  vol.  v.  p.  244 : 1881 ; and  Ber.  d 
deutsch,  chem.  Ges.,  vol.  xvi.  p.  2146:  1883.  Moritz  Traube  has  raised  objections 
of  considerable  weight  to  the  theory  that  oxygen  is  rendered  active  by  reducing 
substances.  I have  given  this  theory  in  my  account,  but  must  expressly  state 
that  it  may  involve  hypotheses  and  analogical  inductions  from  facts  which  pos- 
sibly are  capable  of  a different  interpretation.  The  reader  may  form  his  own 
judgment  from  the  interesting  and  instructive  works  quoted  above, 
t Baumann,  Zeitschr.  f.  physiol.  Chem.,  vol.  v.  p.  244  : 1881. 
t Schultzen  and  Naunyn,  Reichert  and  Du  Bois’  Arch.,  p.  349  : 1867. 
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similar  to  that  taken  by  them  in  the  above-mentioned  experi- 
ments with  palladium-hydrogen  or  the  metallic  suboxides. 
I have  already  stated  (pp.  262,  267)  that  such  reducing 
substances  are  found  in  the  blood  of  asphyxiated  animals ; 
and  they  are,  moreover,  to  be  met  with  in  all  tissues. 
Ehrlich  * showed  that  blue  colouring  matters,  as  alizarin 
blue,  indophenol  blue,  lose  their  colour  in  the  tissues  of 
living  animals,  and  that  the  tissues  turn  blue  again  on 
contact  with  the  air.  We  may  assume  that  these  readily 
oxidizable,  reducing  substances  arise  by  fermentative  action 
from  the  food-stuffs  along  with  other  products  of  decomposi- 
tion that  are  not  readily  oxidizable.  But  as  soon  as  the 
readily  oxidizable  substances  become  oxidized  by  the  inspired 
oxygen,  a part  of  the  oxygen  attains  “ active  ” properties,  and 
oxidizes  those  which  are  not  readily  oxidizable. 

That  reducing  substances  do  arise  by  fermentative  action 
in  the  cells,  may  be  seen  in  butyric  acid  fermentation.  The 
hydrogen  liberated  in  this  process  becomes  oxidized  by  ordi- 
nary oxygen  to  form  water.  Hydrogen  never  proceeds  from 
fermentative  processes,  if  there  has  been  a sufficient  access  of 
air.f  This  explains  the  absence  of  hydrogen  in  the  atmo- 
sphere in  spite  of  the  extensive  processes  of  fermentation 
going  on  all  over  the  surface  of  the  earth. 

The  formation  of  saltpetre  shows  us,  moreover,  in  a 
very  remarkable  way,  how  processes  of  oxidation  may  go 
on  in  a most  energetic  manner  at  the  same  time  as  pro- 
cesses of  decomposition,  produced  by  putrefactive  organisms. 
Nitrogen,  which  has  but  a slight  affinity  for  oxygen,  is  raised 
to  the  highest  stage  of  oxidation  by  the  oxygen-atoms  which 
are  liberated  during  the  oxidation  of  the  reducing  putrefactive 
products  and  which  oxidize  the  ammonia  resulting  from 
the  decomposition.  Becent  researches  have  proved  that 

* P.  Ehrlich,  “Das  Sauerstoffbedürfniss  des  Organismus  : ” Berlin,  1885. 

f Hoppe-Seyler,  Plliiger’s  Arch.,  vol.  xii.  p.  16 : 1876 ; Zeitschr.  f.  physiol. 
Chem.,  vol.  viii.  p.  214  : 1884. 
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certain  living  putrefactive  organisms  take  an  active  part  in 
the  formation  of  saltpetre.* 

It  is  probable  that  all  the  cells  in  our  bodies  have  the 
same  power  as  these  unicellular  beings,  these  organisms 
associated  with  fermentation  and  decomposition.  But  we 
need  not  assume  that  the  reducing  substances  formed  by 
them  are  always  the  same.  Hoppe-Seyler  f is  of  opinion 
that  hydrogen  is  liberated  in  the  tissues  of  the  animal  body 
just  as  it  is  in  certain  unicellular  putrefactive  organisms  ; 
that  the  hydrogen  cannot  be  detected  in  the  tissues,  is  no 
argument  against  this  view.  But,  however  this  may  be, 
the  nascent  hydrogen  need  not  be  the  only  reducing  substance 
by  means  of  which  active  oxygen  arises  in  our  tissues. 
These  reducing  substances  may  be  of  very  different  kinds 
in  the  various  cells ; they  may  even  be  numerous  and  change- 
able in  the  individual  cell,  according  to  the  functions  it  is 
required  to  perform  at  a given  moment.* 

The  “ spontaneous  combustion  ” of  hay  affords  a striking 
example  of  the  activity  which  oxidation  of  the  organic  food- 
stuffs may  attain,  when  decomposition  of  the  latter  has 
previously  set  in.  If  hay  is  stacked  before  it  is  thoroughly 
dry,  decomposition  begins  in  the  middle  of  the  damp  stack, 
through  the  action  of  organized  or  unorganized  ferments. 
As  all  decomposition  by  ferments  is  accompanied  by  hydra- 
tion, drying  is  the  best  means  of  preventing  it.  Heat  is 
liberated  by  the  decomposition,  and  proportionately  with  the 
rise  in  temperature  in  the  middle  of  the  stack  an  ever- 
increasing  accumulation  of  easily  oxidizable  decomposition- 
products  is  formed.  If  the  hay  be  now  disturbed  so  that 

* Muntz  et  Schlösing,  Compt.  rend.,  t.  Ixxxiv.  p.  301 : 1877 ; t.  Ixxxv.  p. 
1018:  1877  ; t.  Ixxxix.  p.  891:  1879;  Warrington,  diem.  News,  vol.  xxxvi.  p. 
263:  1877;  vol.  xxxix.  p.  221:  1879. 

t Hoppe-SeyVr,  Pfliiger’e  Arch.,  vol.  xii.  p.  16:  1876.  Compare  Nenoki, 
.Town.  f.  prahl.  Chem.,  vol.  xxiii.  p.  87  : 1880  ; and  Baumann,  Zeitschr.  f.  physiol. 
Chem.,  vol.  v.  p.  244  : 1881. 

X Compare  Br.  Radziszewski,  “ Zur  Theorie  der  Phosphorescenzerschei- 
nung,”  Der.  d.  deutsch,  chem.  Oes.,  vol.  xvi.  p.  597 : 1883. 
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there  is  free  access  of  atmospheric  oxygen  to  the  internal 
parts  of  the  stack,  the  whole  blazes  up  and  is  consumed. 

The  rapid  oxidation  of  food-stuffs  which  takes  place  in  our 
tissues  offers  no  mystery  if  the  analogies  that  we  have  dwelt 
upon  are  taken  into  consideration.  We  must,  however,  not 
forget  that  the  participation  of  active  oxygen  in  the  process  is 
at  present  only  an  hypothesis,  and  that  the  facts  are  capable 
of  another  explanation.  In  this  connection  another  hypothesis 
deserves  mention,  which  was  first  started  by  Moritz  Traube.* 
I refer  to  the  idea  that  “ oxygen- carriers  ” are  the  active 
factors  in  the  chemical  processes  of  our  body.  By  this  term 
are  meant  substances  which  combine  loosely  with  oxygen, 
and  readily  give  it  up  to  others  which  do  not  directly  unite 
with  oxygen.  A well-known  example  of  such  an  oxygen 
transport  is  seen  in  the  part  played  by  nitric  oxide  in  the 
preparation  of  sulphuric  acid.  Sulphurous  acid  cannot  unite 
with  oxygen  directly.  But  if  nitric  oxide  he  present,  sul- 
phuric acid  results  ; for  the  former  body  forms  a loose  com- 
pound with  oxygen,  and  gives  up  the  oxygen  to  the  sulphurous 
acid.  A small  quantity  of  nitric  oxide  is  capable  of  convert- 
ing an  unlimited  quantity  of  sulphurous  into  sulphuric  acid. 

A similar  action  to  that  of  nitric  oxide  in  the  oxidation  of 
sulphurous  acid,  is  manifested  by  sulphindigotate  of  potassium 
in  the  oxidation  of  grape-sugar.  If  a solution  of  grape-sugar 
he  heated,  in  the  presence  of  air,  with  some  carbonate  of 
soda,  only  a very  insignificant  and  unimportant  absorption  of 
oxygen  takes  place.  But  if  sulphindigotate  of  potassium  be 
present,  it  gives  up  its  loosely  combined  atom  of  oxygen  to  the 
grape-sugar  and  becomes  decolourized.  On  shaking  up  the 
solution  with  air,  it  again  becomes  blue ; the  sulphindigotate 
of  potassium  has  again  taken  up  oxygen  from  the  air.  On 
letting  the  solution  stand  for  a brief  period,  it  again  becomes 
decolourized.  The  blue  colour  only  remains  permanent  at  the 
surface,  where  the  solution  continues  in  constant  contact  with 
* M.  Traube  “Theorie  der  Ferment  Wirkungen Berlin,  ISOS. 
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the  air.  In  this  manner  a small  quantity  of  sulphindigotate 
of  potassium  is  able  to  effect  the  oxidation  of  large  quantities 
of  grape-sugar,  provided  a free  admission  of  atmospheric  air 
be  allowed. 

The  same  result  can  also  be  produced  by  cupric  oxide. 
A blue  ammoniacal  solution  of  cupric  oxide  is  decolourized 
whon  heated  with  grape-sugar.  The  cupric  oxide  is  reduced 
to  cuprous  oxide ; it  has  given  up  one  atom  of  oxygen  to  the 
grape-sugar.  On  shaking  it  up  with  air,  it  again  becomes 
blue,  and  so  on.  The  cuprous  oxide  here  plays  the  same 
part  as  oxygen-carrier  that  the  nitric  oxide  does  in  the 
formation  of  sulphuric  acid. 

The  oxidation  of  oxalic  acid  in  the  presence  of  a salt 
of  iron  affords  another  example.  Under  the  influence  of 
light,  oxalic  acid  is  oxidized,  carbonic  acid  is  formed,  while 
the  ferric  oxide  is  reduced ; the  admission  of  air  causes  the 
ferrous  oxide  thus  formed  again  to  absorb  oxygen  ; and  thus 
a small  amount  of  ferric  salt  has  the  power  of  gradually 
causing  the  oxidation  of  a large  quantity  of  oxalic  acid.* 

When  we  attempt  to  explain  the  rapid  oxidation  in  the 
human  body  in  an  analogous  manner,  we  are  met  with  the 
difficulty  that  no  oxygen-carrier  can  be  detected.  Haemoglobin 
at  first  suggested  itself,  but  direct  experiment  has  shown 
that  the  oxygen  which  is  loosely  attached  to  the  oxyhaemo* 
globin  produces  no  other  oxidations  than  the  ordinary 
molecular  oxygen. f Moreover,  it  must  be  taken  into  con- 
sideration that  oxidation  occurs  chiefly  in  tissues  which 
contain  no  haemoglobin.  A part  of  the  muscles  forms  an 
exception  to  this  rule,  but  even  these  only  contain  traces  of 
haemoglobin.  The  part  played  by  haemoglobin  in  the  blood 
consists  merely  in  transporting  the  oxygen  in  a concentrated 
form  through  all  the  organs,  and  in  giving  up  some  wherever 
needed.  In  this  sense,  in  fact,  haemoglobin  may  be  regarded 

* Pfeffer,  Unters,  aus  dem  hotan.  Institut  zu  Tübingen,  vol.  i.  p.  G79  i 1885. 

t Hoppe-Soyler,  Med.  ehern.  Unters.,  vol.  i.  p.  133 : I860. 
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as  an  oxygen-carrier,  but  not  in  the  sense  of  the  oxygen- 
carriers  in  the  four  examples  adduced.  The  latter  also 
yield  their  oxygen  to  those  substances  which  are  not  oxidized 
directly  on  coming  into  contact  with  the  atmosphere,  whereas 
the  haemoglobin  yields  it  only  to  those  substances  which  have 
the  power  of  fixing  ordinary  molecular  oxygen. 

It  would  really  be  more  reasonable  to  consider  the  ferric 
oxide  as  the  oxygen- carrier  in  our  tissues.  Wherever  proteid 
and  nuclein  are  to  be  found,  loosely  combined  ferric  oxide  is 
also  to  be  met  with.  It  must  be  remembered  that  in  the  con- 
version of  ferrous  into  ferric  oxide,  two  atoms  of  iron  invari- 
ably combine  with  only  one  of  oxygen  ; that  therefore  a 
splitting  up  of  the  oxygen  molecule  must  precede  oxidation, 
and  that  the  oxygen  is  not  separated  during  reduction  as 
molecular  oxygen.  On  the  other  hand,  it  must  be  borne  in 
mind  that  in  the  oxidation  of  oxalic  acid,  as  in  the  example 
given,  the  transference  of  the  oxygen  by  the  ferrous  oxide  only 
occurs  if  the  kinetic  energy  of  sunlight  co-operate  simul- 
taneously. It  would  thus  be  necessary  to  assume  that  our 
tissues  are  endowed  with  an  analogous  kinetic  energy.  It  is 
doubtful  whether  the  heat  of  the  body  would  be  sufficient 
for  this  purpose. 

The  theory  that  oxygen  is  active  in  the  tissues  has  also 
been  shown  to  be  at  variance  with  the  fact  that  certain  very 
readily  oxidizable  substances  remain  wholly  or  partially 
unaltered  in  their  passage  through  the  tissues  of  our  body, 
such  as  pyrogallol,*  pyrocatechin,f  and  phosphorus.  J Car- 
bonic oxide, § which  is  converted  into  carbonic  acid  by  nascent 

* Cl.  Bernard,  “ Lemons  sur  les  proprMtes  physiologiques,  etc.,  des  liquides 
de  1’organismo,”  t.  ii.  p.  141 : 1859 ; Baumann  and  Herter,  Zeitsclir.  f.  physiol. 

em.,  vol.  i.  p.  249  : 1877. 

f Baumann  and  Herter,  ibid.,  p.  249. 

% Hans  Meyer,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  xiv.  p.  329 : 1881.  The 
previous  literature  on  this  subject  will  be  found  quoted  here. 

§ Gaetano  Gaglio,  ibid.,  vol.  xxii.  p.  236 : 1887.  In  Gaglio’s  experiments 
the  carbonic  oxide  was  inspired.  St.  Zaleski  (ibid.,  vol.  xx.  p.  34 : 1885)  found 
that,  after  intraperitoneal  injection  of  carbonic  oxide  blood,  no  carbonic  oxide 
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oxygen,  and  oxalic  acid,  which  is  so  readily  oxidizable,*  are 
quite  unaltered  in  the  organism. 

But  these  facts,  too,  may  be  explained  in  another  way. 
Every  molecule,  while  on  its  travels,  does  not  necessarily 
reach  that  point  where  it  would  meet  with  nascent  oxygen. 
It  even  appears  a plausible  assumption  that  substances 
which  do  not  belong  to  normal  nutrition,  or  such  as  are 
poisonous,  do  not  reach  those  cells  in  which  the  most  intense 
oxidation  occurs,  to  constitute  a source  of  energy  for  the  per- 
formance of  normal  functions.  These  cells,  like  all  others, 
make  their  choice ; they  work  with  definite  material,  and 
reject  that  which  is  likely  to  be  injurious  (compare  pp.  5-6, 
108,  164,  174-175,  and  the  beginning  of  Lecture  XVII.). 

Another  explanation  of  the  fact  that  pyrogallol  and 
pyrocatechin  do  not  become  oxidized,  is  that  they  do  not 
circulate  in  a free  state  through  the  body,  but,  like  all 
hydroxyl  derivatives  of  the  aromatic  hydrocarbons,  i.e.  all 
phenols,  combine  with  the  sulphuric  acid  which  arises  from 
the  decomposition  of  the  albuminates  in  the  tissues.  The 
phenols  play  the  same  part  here  that  the  alcohols  do  in 
the  formation  of  the  sulphuric  ethers.  A union  accompanied 
by  dehydration  takes  place  ; the  sulphuric  acid  is  converted 
from  a dibasic  into  a monobasic  acid,  and  reappears  in  the 
urine  as  an  alkaline  salt. 

These  conjugated  sulphuric  acids  were  discovered  by 
Baumann.  He  showed  that  the  urine  of  herbivora  always 
contains  an  abundance  of  phenolsulphate  of  potassium. f To- 
gether with  this  another  conjugated  sulphuric  acid  occurs,  in 
which  the  phenol  is  replaced  by  a methylated  phenol  called 
cresol,t  and  also  sulphuric  acid  conjugated  with  pyrocate- 

was  given  out  by  the  lungs.  It  thus  appears  that  carbonic  oxide,  introduced  in 
this  way,  becomes  oxidized. 

* Gaglio,  loo.  cit.,  p.  246. 

t Baumann,  Piliiger’s  Arch.,  vol.  xii.  p.  69  : 1876;  and  vol.  xiii.  p.  285  ; 1876. 

X C.  Prcusse,  Zeitsohr.  f.  physiol.  Chem.,  vol.  ii,  p.  355 : 1878 ; and  Briefer 
ibid.,  vol.  iv.  p.  204 : 1880.  ° ’ 


278 


LECTURE  XIV. 


chin*  and  with  indoxyl.t  These  combinations  were  also 
found  to  be  invariably  present  in  human  urine,  and  only 
absent  in  the  urine  of  carnivora  if  nothing  hut  meat  were 
eaten. 

It  appears  that  sulphuric  acid,  which,  being  the  extreme 
stage  of  oxidation  of  sulphur,  is  not  capable  of  further  oxida- 
tion, also  protects  the  organic  conjugate  against  oxidation, 
even  if  the  latter  belongs  to  the  group  of  fats.  Salkowski  J 
found  that  ethylsulphurie  acid,  when  given  to  a dog,  passed 
unaltered  into  the  urine. 

The  question  whether  the  nucleus  of  benzol  is  ever  broken 
up  by  the  decomposing  and  oxidizing  agents  occurring  in  our 
tissues,  has  not  yet  been  settled.  All  aromatic  compounds 
whose  behaviour  in  the  animal  body  has  been  examined  in 
detail  reappear  in  the  urine  as  aromatic  compounds, 
although  mostly  in  an  altered  form.  But  the  experiments 
have  not  been  executed  quantitatively.  The  possibility 
remains  that  at  least  a small  part  is  decomposed.  Outside 
the  organism,  benzol  can  be  oxidized  by  the  action  of  ozone 
at  an  ordinary  temperature,  and  thus  converted  into  car- 
bonic acid,  oxalic  acid,  formic  acid,  acetic  acid,  and  an 
amorphous  black  residue.  § Should  a really  active  oxygen  he 
demonstrated  as  existing  in  our  tissues,  we  might  infer  that 
a complete  decomposition  of  the  benzol  also  occurred  in 
them. 

Phenol  is  oxidized  and  split  up  by  permanganate  of 
potassium  in  an  alkaline  solution,  with  the  production  of 
oxalic  acid.  This  fact  led  Salkowski  ||  to  examine  the  blood 
of  rabbits  poisoned  by  phenol  for  oxalic  acid.  Oxalic  acid 
was  detected  in  two  out  of  three  cases,  hut  not  in  the  blood 
of  two  healthy  rabbits. 

* Baumann,  Pfliiger’s  Arch.,  vol.  xii.  p.  63:  1876. 

t Baumann  and  L.  Brieger,  Zeitschr.f.  physiol.  Chem.,  vol.  iii.  p.  254  : 1879. 

X E.  Salkowski,  Pfliiger’s  Arch.,  vol.  xii.  p.  63 : 1876. 

§ Leeds,  Ber.  d.  deutsch,  ehern.  Ges.,  vol.  xiv.  p.  975  : 1SS1. 

||  Salkowski,  Pfliiger’s  Arch.,  vol.  v.  p.  357 : 1872. 
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Experiments  carried  out  by  Tauber  * and  Auerbach  f in 
Salkowski’s  laboratory  showed  equally  that  if  phenol  be 
given  to  dogs,  only  a part,  varying  from  30  to  70  per  cent., 
according  to  the  amount  introduced,  ever  reappears  in  the 
urine  and  feces.  But  it  should  not  be  immediately  assumed 
that  the  phenol  which  has  disappeared,  has  undergone  com- 
bustion. It  is  quite  possible  that  the  benzol  was  not  de- 
stroyed, but  that  the  phenol  had  passed  into  another  aromatic 
compound.  Schaffer  f in  fact  found,  in  two  experiments  in 
which  he  estimated  the  amount  of  conjugated  sulphuric  acids, 
that  these  latter  were  increased  after  the  addition  of  phenol, 
and  in  the  exact  ratio  of  the  amount  of  phenol  administered. 
No  increase  of  oxalic  acid  in  the  urine  could  be  detected  in 
these  experiments,  nor  in  those  of  Tauber  and  Auerbach.  The 
latter  was  not  able  to  find  any  oxalic  acid  in  the  blood  either. 

After  Schotten  § and  Baumann  ||  had  introduced  certain 
aromatic  amido-acids,  with  three  carbon  atoms  in  the  lateral 
-serins,  (tyrosin,  phenylamidopropionic  and  amidocinnamic 
acids),  into  the  organism  of  men,  dogs,  and  rabbits,  they 
could  find  no  increase  of  any  known  aromatic  compound  in 
the  urine.  They  hence  concluded  that  these  aromatic  com- 
pounds had  been  completely  oxidized.  IT 

A sceptical  observer  may  be  inclined  to  doubt  the  correct- 
ness of  this  conclusion  without  further  evidence.  We  are 
far  from  being  acquainted  with  all  the  aromatic  compounds 
which  may  occur  in  the  urine. 

What  is  actually  known  concerning  the  changes  which 
aromatic  compounds  undergo  through  oxidation  in  the  animal 
body,  is  as  follows. 

* Tauber,  Zeiticlir.  /.  physiol.  Chem.,  vol.  ii.  p.  3G6  : 1878. 

f Auerbach,  Virchow’s  Arch.,  vol.  lxxvii.  p.  226 : 1879. 

7 Schaffer,  Journ.  f.  prahl.  Chem.  N.  F.,  vol.  xviii.  p.  282  : 1878. 

§ Schotten,  Zeitschr.f.  physiol.  Chem.,  vol.  vii.  p.  23:  1882;  aud  vol.  viii.  p. 
CO:  1883. 

||  Baumann,  ibid.,  vol.  x.  p.  130 : 1886.  Compare  also  K.  Baas,  ibid.,  vol. 
xi.  p.  485:  1887. 

H Vide  also  Nencki  and  P.  Giacosa,  ibid.,  vol.  iv.  p.  328:  1880. 
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The  hydrocarbons  are  hydroxylized,  the  benzol  being 
converted  into  oxybenzol  and  dioxybenzol  * — hydrochinon  and 
pyrocatechin.  Oxidation  does  not  advance  a step  further ; 
for,  after  the  administration  of  a few  milligrammes  of  dioxy- 
benzol (pyrocatechin),  it  reappears  unaltered  in  the  urine. f 
If  the  aromatic  combination  introduced  into  the  animal 
body  has  a lateral  series.  belonging  to  the  fat-group,  it  is 
in  most  cases  attacked  by  oxygen.}  Thus  toluol  (C6H5  — CH3), 
ethylbenzol  (CcH5  — C2H5),  propylbenzol  (C6H5-C3H7),  ben- 
zylalcohol  (C6H5  — CILjOH),  are  all  converted  by  oxidation 
into  benzoic  acid  (C6H5COOH).  On  the  contrary,  phenylacetic 
acid  (C6H6  — CH2  — COOH)  is  not  attacked  by  oxygen.  The 
inoxidizable  carboxyl  group  appears  in  this  case  to  protect  the 
adjoining  carbon  atom  in  the  same  way  as  we  have  seen  happen 
in  the  inoxidizable  sulphuric  acid.  Group  CH2  in  phenyl- 
acetic acid  is  protected  on  one  side  by  the  indestructible 
benzol  nucleus,  on  the  other  by  carboxyl.  But  if  more  than 
one  atom  of  carbon  is  inserted  between  the  benzol  nucleus 
and  carboxyl,  this  protection  does  not  suffice.  Phenylpro- 
pionic  acid  (C6H5-CH2  -CH2-COOH)  and  cinnamic  acid 
f(C6H5  — CH  = CH-COOH)  are  converted  into  benzoic  acid 
(C6HbCOOH)  by  oxidation.  If  more  than  one  lateral  series 
be  present  of  the  benzol  nucleus,  only  one  of  them  is  con- 
verted by  oxidation  into  carboxyl.  Thus  the  following 
changes  are  produced  by  oxidation  : — 


Xylol,  C6H4  I ^ converted  into  C6H4  {qooh|  tolu3'Iic  acid- 

fCH3  \ fCHj  \ 

Mesitylene,  C6H3  •!  CH3  }■  „ „ C6H3^CH3  } mesitylenic  acid. 

lCH3  J ICOOHj 

Cvmol,  C6H4  {q^7}  » » CsH<  {cOOh}  cumiaio  acid- 

In  the  animal  body,  many  aromatic  compounds  enter  into 


* Baumann  und  C.  Preusse,  Zeitschr.  /.  physiol.  Chem.,  vol.  iii.  p.  156:  1879. 
t De  Jonge,  ibid.,  vol.  iii.  p.  184  : 1879. 

X Schultzen  und  Naunyn,  Reichert  and  Du  Bois’  Arch.,  p.  349  : 1867 ; Xencki 
and  P.  Giacosa,  Zeitschr.  f.  physiol.  Chem.,  vol.  iv.  p.  325  : 1880. 
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combination  with  members  of  the  fat-group  which  are  easily 
oxidizable,  and  protect  these  from  oxidation.  The  best-known 
instance  of  this  kind  is  the  formation  of  hippuric  acid  from 
glycocoll  and  benzoic  acid  : 

CBUNHo  CgH5  CH2NH— CO— C6H5 

+ 1 =1  +H20. 

COOH  COOH  COOH 

When  no  aromatic  compounds  are  present  in  the  animal 
body,  glycocoll  undergoes  complete  oxidation,  and  is  con- 
verted into  carbonic  acid,  water,  and  urea  (see  Lecture  XYI.) ; 
but,  by  uniting  with  the  indestructible  benzoic  acid,  it  is 
protected  against  the  influence  of  oxygen,  and  appears  in  the 
urine  as  hippuric  acid  (see  Lecture  XYI.). 

Schmiedeberg  and  his  pupils  * have  observed  an  interesting 
synthetic  process  of  this  kind  in  which  a product  of  the 
oxidation  of  sugar  unites  with  an  aromatic  compound,  and 
is  thus  protected  against  further  decomposition  and  oxidation. 
If  camphor  (C10H,6O)  be  administered  to  a dog,  this  substance 
is  hydroxylized  in  the  same  way  as  we  have  seen  happen 
with  regard  to  benzol;  and  eampherol  [C10Hi5(OH)O]  is 
formed.  But  this  product  does  not  pass  as  such  into  the 
urine,  but  combined  with  glycuronic  acid,  with  which  it  has 
united  with  dehydration.  The  formula  of  glycuronic  acid  is 
C6Hio07  and,  judging  from  all  its  properties  and  reactions,  it 
must  be  regarded  as  a derivative  of  grape-sugar,  and  as  a 
result  of  incipient  oxidation. f If  we  break  up  the  compound 
of  eampherol  and  glycuronic  acid  by  boiling  with  dilute  acids, 
the  liberated  glycuronic  acid  is  rapidly  decomposed;  it  becomes 
brown,  and  carbonic  acid  is  developed.  It  is  difficult  to  obtain 
a satisfactory  quantity  undecomposed  for  analysis.  The  ease 
with  which  this  acid  is  decomposed  and  oxidized  explains 

* 0.  Wiedemann,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  vi.  p.  230:  1877; 
Schmiedeberg  and  Hans  Meyer,  Zeitechr.  f.  physiol.  Chem.,  vol.  iii.  p.  422  : 1879. 

t On  the  chemical  properties  of  glycuronic  acid,  vide  H.  Thierfelder,  ibid., 
vol.  xi.  p.  388 : 1887. 
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why  we  do  not  meet  with  it  in  the  normal  metabolism  of 
animals.  Here  we  find  that  the  sugar,  as  soon  as  its  oxida- 
tion has  commenced,  is  rapidly  decomposed  into  carbonic 
acid  and  water.  It  appears  that  fats  offer  definite  points  of 
attack  for  oxygen ; and  if  these  points  are  protected  by  non- 
oxidizable  substances,  the  oxygen  is  unable  to  operate  upon 
them.  As  soon  as  these  points  are  undefended,  they  are 
rapidly  decomposed  and  oxidized. 

Schmiedeberg*  has  met  with  glycuronic  acid  a second 
time  under  different  circumstances.  He  fed  a dog  on  food 
containing  no  albumen,  suGh  as  bacon  and  starch  paste,  and 
then  administered  benzol.  In  order  to  form  phenolsulphuric 
acid,  the  organism  in  this  case  could  only  dispose  of  a minute 
quantity  of  sulphuric  acid,  resulting  from  the  decomposition 
of  proteids  in  the  tissues-— no  sulphur  having  been  introduced 
with  the  food.  It  follows  that  all  the  phenol  formed  from  the 
benzol  did  not  appear  in  the  urine  conjugated  with  sulphuric 
acid.  It  was  proved  that  a part  appeared  as  conjugated 
glycuronic  acid. 

Other  inquirers  have  also  repeatedly  met  with  glycuronic 


is  converted,  in  the  dog,  into  orthonitrobenzyl  alcohol 


Schmiedeberg’s  glycuronic  acid.  Mering  and  Musculus  J 
found,  in  the  urine  of  men  and  dogs  to  whom  hydrate  of 
chloral  or  of  butylchloral  had  been  administered,  the  cor- 
responding alcohols,  trichlorethylalcohol  and  trichlorbutyl- 

* Schmiedeberg,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  xiv.  pp.  306,  307  : 1 SSI . 

+ Jafte,  Zeitschr.  f.  physiol.  Chem.,  vol.  ii.  p.  47  : 1878. 

% Von  Mering  and  Musculus,  Per.  d.  deutsch,  chem.  Ges.,  vol.  viii.  p.  662  : 
1875  ; von  Mering,  Zeitschr.  f.  physiol.  Chem.,  vol.  vi.  p.  4S0  : 1S82.  Vide  also 
Külz,  Pflüger’a  Arch.,  vol.  xxviii.  p.  506 : 1882;  and  Kossel,  Zeitschr.  f.  physiol 
Chem.,  vol.  iv.  p.  296:  1880;  and  M.  Lesnik,  Arch.  f.  exper.  Path.  u.  Pharm., 
vol.  xxi.  p.  168  : 1887. 


acid.  Jaffef  found  that  orthonitrotoluol 


This  alcohol  appears  in  the  urine 
conjugated  with  an  acid,  which  seems  to  be  identical  with 
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alcohol,  conjugated  with  glycuronic  acid.  It  is  to  he  noted  that 
in  this  process  the  conjugate  of  glycuronic  acid  is  formed  by 
reduction,  while  in  the  processes  observed  by  Schmiedeberg 
and  Jaffe,  it  was  due  to  oxidation.  Again,  in  the  experiments 
of  Mering  and  Musculus,  it  was  not  an  aromatic  compound 
which  protected  the  glycuronic  acid  from  oxidation,  but  one 
belonging  to  the  fatty  series,  which  had  been  rendered  more 
or  less  incombustible  by  chlorine, 
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LECTURE  XV. 

THE  GASES  OF  THE  BLOOD  AND  RESPIRATION  ( Continued ) 

BEHAVIOUR  OF  CARBONIC  ACID  IN  THE  PROCESSES  OF  INTERNAL 
AND  EXTERNAL  RESPIRATION CUTANEOUS  RESPIRATION IN- 

TESTINAL GASES. 

In  our  previous  remarks  on  the  gases  of  the  blood  and  on 
respiration,  we  have  become  acquainted  with  the  behaviour  of 
oxygen  and  the  processes  of  oxidation  in  the  tissues.  It  now 
only  remains  for  us  to  consider  the  ultimate  gaseous  product 
of  the  processes  of  oxidation  and  decomposition,  carbonic 
acid,  together  with  its  behaviour  in  the  processes  of  internal 
and  external  respiration. 

In  the  venous  blood  of  the  dog,  the  carbonic  acid  amounts 
to  from  39  to  48  vols.  per  cent,  (reckoned  at  0°  C.  and 
760  mms.  mercury) ; in  the  arterial,  to  an  average  of  about  8 
vols.  per  cent,  less.* 

Carbonic  acid,  like  oxygen,  is  not  simply  absorbed  in  the 
blood,  as  there  is  far  too  large  an  amount.  Water  absorbs 
double  its  own  bulk  from  an  atmosphere  of  pure  carbonic 
acid,  at  0°  C. ; at  the  temperature  of  a room,  it  absorbs  its 
own  volume,  and  at  the  temperature  of  the  body,  half  its 
volume,  or  50  vols.  per  cent,  of  this  gas.  Very  nearly  as 
much  as  this  is  contained  in  venous  blood.  If,  therefore, 
the  carbonic  acid  were  simply  absorbed,  its  partial  pressure 
would  amount  to  that  of  a whole  atmosphere.  This  cannot 

* A.  Schöffer,  Wien,  alcad.  Sitzungsher.,  vol.  xli.  p.  589:  I860;  Sczelkow, 
ibid.,  vol.  xlv.  p.  171 : 1862. 
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be  the  case,  for  the  partial  pressures  of  all  the  gases  of  the 
blood  together  can  never  amount  perceptibly  to  more  than 
one  atmosphere. 

The  partial  pressure  of  the  carbonic  acid  in  the  blood  is 
accurately  known  from  the  researches  of  Pflüger  and  his 
pupils  Wolffberg,  * Strassburg,  t and  Nussbaum.  J They 
introduced  blood  from  the  vessels  of  a living  dog  into  the 
upper  end  of  a vertical  glass  tube,  which  contained  nitrogen 
with  a small  percentage  of  carbonic  acid.  The  blood  ran 
down  against  the  sides  of  the  tube  without  coagulating,  and 
was  at  once  removed  when  it  reached  the  lower  end,  by  a 
particular  arrangement  which  prevented  any  air  getting  to 
it.§  If  the  tension  of  the  carbonic  acid  in  the  blood  is  greater 
than  in  the  gas  inside  the  tube,  then  the  amount  of  carbonic 
acid  in  the  gas  must  increase ; if  the  tension  in  the  blood  is 
less,  then  the  amount  of  carbonic  acid  in  the  gas  must 
diminish.  It  was  proved  by  numerous  experiments  that  the 
pressure  of  C02  amounts  to  5-4  per  cent,  of  an  atmosphere  in 
the  blood  of  the  large  veins  of  the  dog  and  in  that  from  the 
right  heart,  and  to  2*8  per  cent,  in  arterial  blood.  || 

Now,  as  water  at  the  temperature  of  the  body  only  takes 
up  about  50  vols.  per  cent,  of  C02  from  an  atmosphere  of 
pure  carbonic  acid,  it  follows  that  venous  blood  which  is 
under  a carbonic  acid  pressure  of  only  5 per  cent.,  or  of 
an  atmosphere,  cannot  contain  more  than  about  §$=2|- 
vols.  per  cent,  of  C02  simply  absorbed.  The  remaining  36 
to  46  vols.  per  cent,  must  be  in  a state  of  chemical 
combination,  and  a glance  at  the  composition  of  the  ash  of 
blood  (vide  supra,  p.  245)  shows  us  that  the  substances,  which 
fix  carbonic  acid,  must  be  soda  and  potash.  The  ash  of  the 

* Wolffberg,  Pfliiger’s  Arch.,  vol.  iv.  p.  465  : 1871 ; and  vol.  vi.  p.  23:  1872. 

+ Strassburg,  ibid.,  vol.  vi.  p.  65  ; 1872. 

J Nussbaum,  ibid.,  vol.  vii.  p.  296  : 1873. 

§ Diagrams  and  description  of  the  apparatus  are  given  by  Strassburg,  loc. 
cit.,  p.  69. 

||  Strassburg,  loc.  clt. 
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plasma  bas  never  been  analyzed.  I found  that  serum,  tbe 
asb  of  wbicli  cannot  be  of  very  different  constitution  from 
that  of  tbe  plasma,  lias  tbe  following  composition  : — * 


One  Thousand  Grammes  op  Serum  from  Dog’s  Blood  contains — 


K„0  0202 

Na„0 4-341 

CaO  0-176 

MgO 0-041 


Fe,03 0-010 

P,Öä 0-489 

Cl  3-961 


We  need  take  no  notice  of  tbe  minute  proportion  of  potassium, 
which  probably  arises  mostly  from  tbe  breaking  up  of  tbe 
leucocytes,  and  of  which  there  is  only  a trace  in  tbe  plasma 
of  tbe  living  blood.  Nor  is  it  necessary  to  take  into  con- 
sideration tbe  small  amount  of  lime  and  magnesium ; they 
are  for  tbe  most  part  combined  with  tbe  albumens  and  nucleo- 
albumens,  and  perhaps  are  not  at  all  concerned  in  fixing 
carbonic  acid.  Anyhow,  tbe  bulk  of  tbe  carbonic  acid  in  tbe 
plasma  is  combined  with  sodium  : 3*463  of  tbe  4'341  grms. 
of  sodium  are  sufficient  to  saturate  tbe  only  strong  mineral 
acid  of  tbe  plasma,  the  hydrochloric  acid.  Tbe  remainder, 
0*878  grm.  of  sodium  is  able  to  fix  0*623  grm.  C02=  316  c.cms. 
carbonic  acid  gas  (computed  at  0°  C.  and  760  mms.  mercurial 
pressure),  besides  an  equal  additional  amount  when  tbe 
bicarbonate  of  soda  is  formed.  632  c.cms.  of  carbonic  acid 
(i.e.  63  vols.  per  cent.)  may,  therefore,  be  chemically  combined 
in  a litre  of  blood-plasma.  It  must,  however,  be  remembered 
that  tbe  carbonic  acid  never  really  reaches  quite  63  volumes 
per  cent.,  as  tbe  0*878  grm.  sodium  must  be  divided  amongst 
tbe  other  weak  acids — such  as  phosphoric  acid,  proteid,  and 
perhaps  many  others,  each  of  which  is  of  little  importance 
singly,  but  which,  altogether,  exert  some  influence.  As  a 
fact,  from  43  to  57  vols.  per  cent,  of  carbonic  acid  have  up  to 
tbe  present  been  found  in  arterial  blood-serum  of  tbe  dog. 
Tbe  amount  of  C02  must  be  still  larger  in  tbe  serum  of  venous 


* The  analysis  has  hitherto  been  published  only  in  part  ( Zeitschr . /.  Biolog., 
vol.  xii.  p.  204 : 1876). 
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blood,  where  the  disposable  sodium  is  perhaps  almost  com- 
pletely saturated  with  carbonic  acid.  How  large  a share  of 
the  sodium  falls  to  the  lot  of  the  carbonic  acid  depends  on 
“ mass  influence,”  i.e.  on  the  partial  pressure  of  the  carbonic 
acid.*  In  the  tissues  where  C02  is  liberated  by  oxidation 
and  decomposition,  and  its  partial  pressure  rises,  sodium 
bicarbonate  must  be  formed  at  the  cost  of  the  sodium 
albuminate  and  of  the  dibasic  sodium  phosphate  (Na2  HP04), 
which  latter  gives  up  one-half  of  its  sodium,  and  is  converted 
into  the  acid  salt  (NaH2P04).  In  the  alveoli  of  the  lungs, 
where  the  partial  pressure  of  the  carbonic  acid  is  diminished 
in  consequence  of  the  constant  mechanical  ventilation,  the 
blood  gives  off  a portion  of  its  carbonic  acid  by  diffusion ; the 
mass-influence  of  the  C02  in  the  blood  becomes  lessened,  and 
that  of  the  other  acids  relatively  increased  ; again  sodium 
albuminate  and  dibasic  sodium  phosphate  (Na2HP04)  are 
formed  at  the  cost  of  the  sodium  bicarbonate.  As  soon  as 
the  amount  of  free  carbonic  acid  decreases,  however  little,  the 
amount  of  the  loosely  combined  C02  also  diminishes,  and  even 
to  a considerable  extent.  By  this  arrangement,  the  amount 
of  carbonic  acid  of  the  blood  can  vary  within  wide  limits 
without  the  total  pressure  of  the  gas  being  materially  altered. 
A change  of  pressure  up  to  2‘6  per  cent,  of  an  atmosphere 
produces  an  alteration  of  8 vols.  per  cent,  in  the  carbonic 
acid  of  the  blood.  This  allows  of  large  quantities  of  C02 
being  transported  in  a short  time  from  the  tissues  into  the 
lungs. 

Hoppe- Seyler  and  his  pupil  Sertoli  f have  shown  that 
proteid  does  indeed  compete  with  the  carbonic  acid  for  the 
possession  of  the  sodium.  Proteid  drives  out  carbonic  acid 
in  a vacuum  from  a solution  of  simple  sodium  carbonate ; the 

* N.  Zuntz,  Centralb.  f.  d.  med.  Wiseensch.,  p.  527 : 1867 ; F.  C.  Donders, 
Pflüger’e  Arch.,  vol.  v.  p.  20  : 1872.  Vide  also  J.  Gaule,  Du  Bois’  Arch.,  p.  469 : 
1878. 

t Sertoli,  Med.  ehern . Unters.,  von  Hoppe-Seyler,  Heft  III.  p.  350 : Berlin, 
1868. 
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amount  driven  out  is,  however,  very  small,  as  might  ä priori 
he  anticipated,  owing  to  the  great  molecular  weight  of  the 
proteid.* 

The  occurrence  of  phosphates  of  the  alkalies  in  the 
plasma  has  frequently  been  doubted,  f The  phosphoric  acid 
in  the  ash  has  been  ascribed  to  the  lecithin  and  nuclein, 
but  the  amount  is  too  large  for  this  purpose,  at  any  rate  in 
dog’s  blood  ; in  bullock’s  and  pig’«  blood  it  is  certainly  much 
smaller 4 But,  at  any  rate,  it  is  only  a small  portion  of  the 
alkalies  which  is  combined  with  phosphoric  acid  in  the 
plasma.  In  the  corpuscles,  on  the  contrary,  there  is  no  doubt 
that  phosphates  play  an  important  part  in  fixing  carbonic 
acid. 

The  way  in  which  the  phosphoric  acid  is  driven  from  the 
possession  of  the  sodium  by  the  carbonic  acid,  and  vice  versa, 
may  be  demonstrated  by  a simple  experiment.  If  to  a 
solution  of  Na2HP04  a few  drops  of  litmus  solution  be  added, 
the  solution  becomes  blue.  If  C02  be  now  introduced,  the 
solution  becomes  red ; the  carbonic  acid  is  not  the  cause  of 
this  change  in  colour,  as  a control  experiment  shows,  but  the 
formation  of  NaH2P04.  NaPIC03  is  formed  simultaneously. 
If  the  vessel  be  left  open,  the  carbonic  acid  gradually  dis- 
appears, the  mass  influence  of  the  phosphoric  acid  becomes 
relatively  greater,  it  again  takes  possession  of  the  second 
sodium  equivalent,  of  which  it  had  been  robbed  by  the  C02, 
and  the  blue  colour  reappears.  This  process  can  be  hastened 
by  boiling. 

Carbonic  aeid  is  found  not  only  in  the  blood-plasma,  but 
also  in  the  corpuscles,  though  not  in  such  large  quantities. 
This  follows  from  the  simple  fact  that  the  total  blood  con- 
tains less  C02  than  the  serum.  But  the  difference  is  not 

* Hoppe-Seyler,  “ Physiologische  -Chemie,”  p.  503 : Berlin,  1879. 

t Sertoli,  loc.  cit. 

$ Vide  Bunge,  Zeitsehr.  f.  Biolog.,  vol.  xii.  pp.  206,  207:  1876;  and  Sertoli, 
loc.  cit. 
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sufficient  to  enable  us  to  ascribe  all  the  carbonic  acid  to  the 
serum.* 

The  carbonic  acid  cannot  be  completely  removed  from  the 
serum  by  the  air-pump,  a proof  that  the  amount  of  the  non- 
volatile weak  acids  is  less  than  the  equivalent  of  the  CP9  per 
1000  sodium  just  estimated.  But  more  than  half  can  be 
removed,!  a proof  that  the  process  is  not  merely  a transition 
from  sodium  bicarbonate  into  carbonate,  but  also  a partial 
displacement  of  the  firmly  combined  carbonic  acid  by  the 
other  weak  acids,  proteid,  phosphoric  acid,  etc. 

The  carbonic  acid  may,  on  the  contrary,  be  completely 
pumped  out  of  the  blood.  X And,  moreover,  Pflüger  § has 
shown  that  if  sodium  carbonate  be  added  to  the  blood,  the 
CO->  may  be  driven  out  even  from  this  in  a vacuum.  In 
order  to  explain  these  facts,  we  must  assume  either  that  acids 
from  the  corpuscles  diffuse  into  the  plasma,  or  that  sodium 
carbonate  diffuses  from  the  plasma  into  the  corpuscles. 

With  regard  to  the  acids  of  the  blood-corpuscles,  the  most 
important  place  is  held  by  the  phosphoric  acid,  in  which  the 
corpuscles  are,  at  any  rate,  far  richer  than  the  plasma  ( vide 
supra,  p.  245).  Only  a very  small  portion  of  this  large  amount 
of  phosphoric  acid  can  be  contained  in  the  corpuscles  as 
an  organic  compound.  In  the  second  place,  probably  the 
oxyhsemoglobin  is  of  influence,  for,  as  Preyer  ||  has  shown,  it 
drives  out  C02  from  sodium  carbonate  in  a vacuum. 

It  has  been  much  disputed  whether  the  giving  off  of 
carbonic  acid  from  the  capillaries  of  the  lungs  into  the  air  of 
the  alveoli  simply  follows  the  laws  of  diffusion,  or  whether 
we  must  assume  that  special  excretory  forces  are  at  work  in 
the  lung-tissue.  The  results  of  the  following  experiment  of 

* Alexander  Schmidt,  Berichte  über  die  Verhandlungen  der  leönigl.  sticks.  Ges. 
d.  Wissensch.  zu  Leipzig,  Math,  phy.s.  Classe,  vol.  xix.  p.  30 : 1867. 

t Pflüger,  “ Ueber  die  Kohlensäure  des  Blutes,”  p.  11 : Bonn,  1861. 

t Setschenow,  Sitzungsber.  d.  Wien.  Alcad.,  vol.  xxxvi.  p.  203 : 1850. 

§ Pflüger,  loc.  eit.,  pp.  5,  et  seq. 

||  W.  Preyer,  “Die  Blutkrystalle : ” Jona,  1871. 
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Pflüger  and  his  pupils,  Wolffberg*  and  Nussbaum, f are  in 
favour  of  the  former  view.  If  the  giving  off  of  carbonic  acid  in 
the  alveoli  of  the  lungs  simply  follows  the  laws  of  the  diffusion 
of  gases,  we  should  expect  a 'priori  that,  if  a lobe  of  the  lung 
were  blocked  by  closing  the  corresponding  bronchus,  the 
carbonic  acid  pressure  would  rise  in  the  air-cavities  of  the 
lung  thus  closed  in,  until  it  balanced  the  carbonic  pressure  in 
the  venous  blood  flowing  in,  and  that  then  the  blood  flowing 
out,  i.e.  the  arterial  blood  of  the  pulmonary  veins  in  this  same 
lobe,  would  also  have  the  same  C02  tension.  The  experiments 
of  Wolffberg  and  Nussbaum  have  in  fact  shown  that,  under 
these  conditions,  the  pressure  of  C02  in  the  alveoli  is  the 
same  as  in  the  venous  blood. 

One  pulmonary  lobe  was  successfully  closed  in  the  follow- 
ing manner.  An  elastic  catheter  $ was  introduced  into  a 
branch  of  one  bronchus  of  a dog  that  had  been  tracheotomized. 
The  catheter  had  a double  wall ; the  outer,  which  was  made 
of  indiarubber,  was  thinner  towards  the  end  inserted  in  the 
bronchus,  so  that,  when  inflated,  this  end  expanded,  whilst 
the  thicker  portion  of  the  wall  remained  the  same.  This 
flask-like  expansion  of  the  tube  ensured  a completely  air- 
tight closure  of  the  bronchus.  Yentilation  went  on  unimpeded 
in  the  other  lobes  of  the  same  lung  and  in  the  other  lung, 
so  that  there  could  be  no  lack  of  C02  in  the  blood.  The 
pressure  of  carbonic  acid  was  thus  also  normal  in  the  blood- 
vessels of  the  lobe  that  had  been  stopped  up.  When  the 
closure  had  lasted  long  enough,  a sample  of  the  gas  could  be 
drawn  out  through  the  inner  tube  of  the  catheter,  and  used 
for  analysis.  The  mean  of  numerous  estimates  of  the 
enclosed  pulmonary  air  gave  an  average  pressure  of  C02  of 
3‘84  per  cent,  of  an  atmosphere,  and  of  3'81  per  cent,  for  the 

* Wolffberg,  Pfliiger’s  Arch.,  vol.  iv.  p.  4G5 : 1871 ; and  vol.  vi.  p.  23  : 1872. 

t Nussbaum,  ibid.,  vol.  vii.  p.  296:  1873. 

% A description  and  illustration  of  the  “lung-catheter”  are  given  by  Wolffberg, 
ibid.,  vol.  iv.  p.  467,  etc. : 1871. 
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blood  from  the  right  heart.  The  fact  that  the  latter  figure  is 
lower  than  in  the  above-mentioned  experiments  of  Strassburg, 
who  found  a mean  of  5'4  per  cent.,  is  explained  by  the  fact 
that  the  animals  were  not  tracheotomized  in  Strassburg’s 
cases,  and  that,  in  consequence  of  tracheotomy,  the  ventilation 
of  the  lung  is  far  more  complete,  and  the  retention  of  carbonic 
acid  in  the  blood  is  much  less. 

Under  normal  conditions,  if  the  interchange  of  gas  simply 
follows  the  laws  of  diffusion,  the  pressure  of  C02  could  never 
be  higher  in  the  alveoli  of  the  lungs  than  in  the  arterial 
hlood,  the  two  being  equally  balanced.  If  the  balance  is 
complete,  the  pressure  must  be  the  same ; if  incomplete,  the 
pressure  in  the  alveoli  must  be  lower,  but  can  never  be  higher. 
If  it  were,  we  should  have  to  assume  that  forces  were  at  work 
in  the  lung-tissue  to  expel  it.  How  do  the  facts  agree  with 
this  deduction?  Strassburg  found  that  the  pressure  of 
carbonic  acid  in  the  arterial  blood  of  the  dog  was  from  2-2  to 
3'8  per  cent.,  or  on  an  average  2'8  per  cent,  of  an  atmo- 
sphere.* 

The  normal  C02  pressure  in  the  alveoli  cannot  he  ascer- 
tained, but  we  can  determine  its  minimal  value  by  estimating 
the  C02  pressure  in  the  total  air  expired,  which  is  a mixture 
of  alveolar  air  and  atmospheric  air.  If  this  minimal  value 
should  prove  higher  than  the  carbonic  acid  pressure  in  the 
arterial  blood,  the  assumption  that  the  interchange  of  gases 
proceeds  only  by  diffusion  would  be  refuted  ; we  should  be 
forced  to  consider  that  there  were  other  special  expelling 
forces  at  work. 

The  amount  of  carbonic  acid  in  the  expired  air  of  the 
dog  has,  so  far  as  I am  aware,  only  been  estimated  once. 
Wolffberg  f found  from  2*4  to  3‘4,  a mean  of  2‘8  per  cent. 
Wolffberg’s  dog  was  tracheotomized.  The  C02  tension  in 
the  expired  air  would  be  higher  in  a dog  breathing  normally, 

* Stra8sburg,  loo.  cit.,  p.  77. 
t Wolffberg,  Pfliiger’a  Arch.,  vol.  vi.  p.  478 : 1871. 
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and  still  higher  in  the  alveolar  air  than  in  the  expired  air. 
These  experiments  urgently  require  repetition.  The  facts, 
so  far,  are  only  partially  reconcileable  with  the  theory  that 
the  interchange  of  gases  in  the  lungs  proceeds  merely  accord- 
ing to  the  laws  of  diffusion. 

The  amount  of  C02  in  the  air  expired  by  human  beings 
is  much  larger  : Vierordt  * found  4-6  per  cent.  C02  in  the 
air  normally  expired,  and  5‘2  per  cent,  in  that  expired  after 
a very  deep  inhalation.  The  pressure  of  carbonic  acid  in 
the  arterial  blood  of  human  beings  is  not  known. 

In  the  short  time  during  which  the  blood  flows  through 
the  capillaries  of  the  lungs,  the  equalization  of  the  difference 
in  tension  is  accomplished  with  a completeness  which  is 
surprising.  This  phenomenon  is  explained  if  the  extent  of 
the  surface  be  considered  over  which  the  interchange  takes 
place.  According  to  an  approximate  valuation  of  the  anato- 
mist Huschke,  the  total  inner  surface  of  the  human  lungs 
amounts  to  2000  square  feet,  and  the  whole  of  this  vast 
surface  is  thickly  interwoven  with  a network  of  capil- 
laries. 

The  experiments  made  to  estimate  the  pressure  of  carbonic 

acid  in  the  tissues  are  attended  with  great  difficulties. 
\ 

A priori,  it  must  be  assumed  that  the  greatest  pressure  will 
be  where  the  development  of  carbonic  acid  is  most  consider- 
able ; therefore  probably  in  the  cells,  in  the  muscular  fibres, 
in  all  the  active  elements — in  fact,  wherever  most  kinetic 
energy  is  liberated.  Now,  the  pressure  of  C02  cannot  be 
directly  estimated  in  the  cells  themselves ; an  endeavour  has 
therefore  been  made  to  estimate  the  partial  pressure  of  this 
gas  in  the  fluids  which  come  most  in  contact  with  the  cells, 
i.e.  the  lymph.  It  was  imagined  a priori  that  the  lymph, 
which  flows  so  slowly  round  the  cells,  would  be  saturated  far 
more  completely  with  carbonic  acid  than  the  blood,  wffiich 
passes  through  the  capillaries  so  rapidly.  But,  as  a matter 
* Vierordt,  “ Physiol,  des  Atlimens,”  p.  134 : Heidelberg,  1845. 
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of  fact,  this  is  not  so.  Strassburg  * found  the  tension  of 
carbonic  acid  invariably  less  in  the  lymph  than  in  venous 
blood.  It  thus  appears  that  the  stream  of  C02  from  the 
cells  into  the  lymph  does  not  simply  follow  the  laws  of 
diffusion.  Why  does  the  bulk  of  it  diffuse  directly  into  the 
blood  ? The  purpose  is  evident ; the  carbonic  acid  reaches 
the  lungs  most  rapidly  in  this  manner.  The  cause,  however, 
is  not  yet  known. 

Strassburg  has  also  estimated  the  tension  of  carbonic  acid 
in  dog’s  urine,  and  found  it  to  be  about  9 per  cent,  of  an  atmo- 
sphere, and  in  the  bile  7 per  cent.  Finally,  he  endeavoured 
to  estimate  it  in  the  tissues  of  the  intestinal  wall,  by  injecting 
atmospheric  air  into  a ligatured  coil  of  intestine  of  a living 
dog,  and  analyzing  a sample  of  the  air  after  from  half  an  hour 
to  three  hours  : he  found  from  7 to  9^  per  cent.  C02.  From 
these  facts,  it  follows  that  the  tension  of  carbonic  acid  is 
greater  in  the  tissues  than  in  the  blood,  which  we  should 
expect  to  be  the  case. 

But  what  would  happen  if  an  animal  were  brought  into 
an  atmosphere  where  the  pressure  of  carbonic  acid  was 
already  as  great  as  in  the  venous  blood  ? The  interchange 
of  gases  in  the  alveoli  would  be  stopped,  but  only  for  an 
instant ; for  the  development  of  carbonic  acid  proceeds 
unremittingly  in  the  tissues.  The  amount  of  C02  rises 
above  the  normal  both  in  the  tissues  and  in  the  blood,  and 
then  it  will  again  be  given  off  by  the  walls  of  the  alveoli,  in 
consequence  of  the  difference  in  tension  which  arises. 

But  a retention  of  carbonic  acid  in  the  blood  and  in  the 
tissues  will  occur  much  sooner,  long  before  the  amount  of 
C02  in  the  inspired  air  is  the  same  as  that  of  the  normal 
alveolar  air.  The  smaller  the  difference  of  the  tension  of 
carbonic  acid  in  venous  blood  and  in  the  alveolar  air,  the 
more  slowly  will  C02  be  given  off  from  the  blood  to  the 

* Strassburg,  loc.  cit.,  pp.  85-91.  Vide  also  Gaule,  Du  Bois’  Arch.,  pp.  171- 
47G  : 1878. 
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alveolar  air,  and  the  greater  must  be  the  retention  of  carbonic 
acid  in  the  blood  and  in  the  tissues. 

The  abnormally  high  tension  of  this  gas  in  the  tissues 
is  the  cause  of  disturbances,  especially  in  certain  parts  of 
the  central  nervous  system.  The  increasing  partial  pressure 
of  the  carbonic  acid  acts  above  all  on  the  respiratory  centre, 
causing  deeper  respiration.*  If  the  retention  of  carbonic 
acid  be  so  great  that  the  deeper  respiration  cannot  overcome 
it,  it  acts  also  on  other  parts  of  the  central  nervous  system, 
and  the  animals  finally  die  with  symptoms  of  narcosis. 

If  animals  be  placed  in  an  air-tight  compartment,  and 
be  made  to  breathe  an  artificial  mixture  of  air  rich  in  oxygen, 
they  die  of  carbonic  acid  poisoning  long  before  the  partial 
pressure  of  the  oxygen  has  sunk  to  normal. f 

If  the  volumes  of  the  inspired  and  expired  air  in  normal 
respiration  be  compared,  the  latter  is  always  found  to  be 
larger.  The  explanation  is  to  be  sought  in  the  fact  that  the 
air  has  become  warmer  in  the  lung,  and,  owing  to  the  tem- 
perature of  the  body,  has  been  almost  saturated  with  aqueous 
vapour.  The  quantity  of  water  which  leaves  the  body  in 
this  way  during  the  course  of  a day  amounts  to  from  400  to 
800  grms.  It  varies  with  the  dryness  of  the  inspired  air. 

But  if,  on  the  other  hand,  the  volumes  of  the  inspired  and 
expired  air  be  compared  after  desiccation,  and  reduced  to  the 
same  temperature  and  pressure,  the  volume  of  expired  air  is 
usually  somewhat  smaller.  This  is  readily  explained  if  we 
consider  that,  in  the  combustion  of  food-stuffs,  it  is  only  the 
carbohydrates  which  produce  a volume  of  carbonic  acid  equal 

* An  account  of  the  regulation  of  respiration  by  the  nervous  system,  and  the 
influence  of  the  blood-gases  in  this  process  of  regulation,  does  not  come  within 
the  province  of  physiological  chemistry.  A critical  survey  of  the  comprehensive 
literature  on  the  subject  is  given  by  Fr.  Miescher,  Du  Bois’  Arch.,  p.  355 : 
1885. 

t Müller,  Sitzungsber.  d.  Alcacl.  d.  Wissensch.  zu  Wien.,  Math.  Nat.  Classe, 
vol.  xxxiii.  p.  136,  et  seq. : 1859 ; P.  Bert,  “ La  pression  barometrique,”  p.  983  : 
Paris,  1878  ; Friedländer  and  Herter,  Zeitschr.  f.  physiol.  Chem.,  vol.  ii.  p.  99  : 
187S. 
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to  that  of  the  oxygen  used  up,  the  proteids  and  fats  yielding 
a smaller  one. 

The  carbohj^drates  are  known  to  contain  exactly  so  much 
oxygen  as  is  requisite  for  the  saturation  of  the.  hydrogen. 
If,  therefore,  the  entire  molecule  becomes  oxidized  to  car- 
bonic acid  and  water,  exactly  two  oxygen  atoms  must  be 
taken  up  to  every  carbon  atom.  Two  atoms — that  is,  one 
molecule  of  oxygen  with  one  atom  of  carbon — form  one  mole- 
cule of  carbonic  acid.  Now,  it  is  well  known  that  an  equal 
number  of  molecules  occupies  an  equal  volume.  Conse- 
quently, the  volume  of  C02  formed  during  the  combustion  of 
the  carbohydrates  must  be  equal  to  the  volume  of  oxygen 
used  up. 

The  fats,  on  the  other  hand,  contain  fewer  oxygen  atoms 
than  are  necessary  for  the  saturation  of  the  hydrogen  atoms  : 
in  stearic  acid  (C18H3602),  only  four  of  the  thirty-six  hydrogen 
atoms  can  be  saturated  by  the  oxygen  present ; sixteen  more 
atoms  of  the  inspired  oxygen  must  be  used  up  in  order 
to  complete  the  combustion  of  the  hydrogen,  and  these  do 
not  reappear  in  the  expired  air.  Glycerin  (C3H803)  also 
contains  two  atoms  more  hydrogen  than  are  saturated  by 
the  oxygen  present.  Thus,  for  the  complete  combustion  of 
the  fats,  far  more  oxygen  must  be  taken  up  than  is  requisite 
for  the  combustion  of  their  carbon  ; and  for  this  reason  all 
the  inspired  oxygen  does  not  reappear  in  the  expired  car- 
bonic acid. 

This  is  also  the  case  with  the  proteids.  One  hundred 
grms.  of  proteid  contain  7 grms.  of  hydrogen.  In  order  to  re- 
duce these  to  water  by  combustion,  7X8  = 56  grms.  of  oxygen 
are  necessary.  But  100  grms.  of  proteid  matter  contain  at 
most  24  grms.  of  oxygen.  Extra  oxygen  must,  therefore,  be 
inspired  for  the  purpose  of  oxidizing  the  hydrogen,  besides 
the  amount  necessary  for  the  oxidation  of  the  carbon.  Only 
the  estimate  is  rendered  more  complicated  with  proteid, 
because  hydrogen  and  oxygen  atoms  are  also  eliminated  in 
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the  nitrogenous  waste  products,  and  because  oxygen  is  also 
used  up  in  oxidizing  the  sulphur. 

The  proportion  of  the  expired  volume  of  carbonic  acid 
to  the  inspired  volume  of  oxygen  is  termed  the  respiratory 
quotient. 

The  carbohydrates  preponderate  in  the  diet  of  herbivora. 
The  respiratory  quotient  in  these  cases  is  nearly  equal  to  1. 
With  carnivora,  on  the  other  hand,  where  the  food  is  poor 
in  carbohydrates  and  rich  in  proteids  and  fats,  the  respiratory 
quotient  must  be  considerably  less  than  1.  It  is  usually 
found  to  be  about  f . 

The  respiratory  quotient  estimated  from  the  constituents 
of  food  only  agrees  with  that  actually  found  * if  the  estimation 
of  the  gases  of  respiration  be  carried  out  for  some  time,  if 
possible  for  twenty-four  hours.  In  short  spaces  of  time,  the 
proportion  may  be  very  materially  altered,  because  the  taking 
in  of  oxygen  and  the  giving  out  of  carbonic  acid  do  not  occur 
simultaneously.  A considerable  part  of  the  carbon  may  be 
split  off  from  the  carbohydrates  as  carbonic  acid  without  any 
oxygen  being  taken  in,  as  we  see  in  alcoholic  and  butyric  acid 
fermentation  ; the  by-products  then  formed,  which  are  poor 
in  oxygen,  are  oxydized  later,  after  the  C02  previously  given 
off  has  been,  expired.  In  this  way  it  may  happen  that  the 


* A description  and  illustration  of  the  apparatus  used  for  the  quantitative 
estimate  of  the  interchange  of  gases  during  longer  periods,  and  especially  of 
Regnault’s,  Reiset’s,  and  Pettenkofer’s  respiratory  apparatus,  are  to  be  found  in 
every  text-book  of  physiology.  Any  one  desirous  of  reading  the  original  descrip- 
tion by  the  authors,  is  referred  to  the  celebrated  work  of  Regnault  and  Reiset  in 
the  Ann.  de  Gliim.  et  de  plugs.,  t.  xxvi. : 1849 ; also  under  the  separate  title, 
“ Recherches  chimiques  sur  la  respiration  des  animaux  des  diverses  classes : ” 
Baohellier,  1849  ; translated  in  Liebig’s  Ann.  d.  Chem.  u.  Pharm.,  vol.  lxxiii. 
pp.  92,  129,  257  : 1850.  The  description  of  Pettenkofer’s  respiratory  apparatus 
is  to  be  found  in  Liebig’s  Ann.  d.  Chem.  u.  Pharm.,  vol.  ii.  p.  1,  Suppl. : 1862. 
This  apparatus  was  specially  constructed  for  experiments  on  human  beings. 
Voit  modified  it  somewhat  for  smaller  animals.  The  exact  illustration  and 
description  are  given  in  Zeitschr.  f.  Biolog.,  vol.  xi.  p.  541  : 1875.  A modifica- 
tion of  Regnault’s  and  Reiset’s  apparatus  for  examining  the  respiration  of 
aquatic  animals  was  described  by  Jolyet  and  Reguard  in  Arch,  de  physiol,  normale 
et  patholog.,  ser.  ii.  vol.  iv.  p.  44  : 1877. 
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expired  volume  of  C02  may  for  a time  be  larger  than  the 
inspired  oxygen  volume,  and  the  respiratory  quotient  may  be 
greater  than  1. 

In  herbivora,’it  sometimes  happens  that  the  whole  volume 
of  C02  expired  in  twenty-four  hours  is  larger  than  the  volume 
of  inspired  oxygen.  The  following  statement  will  explain 
this.  Vegetable  food  contains  organic  acids,  which  are 
richer  in  oxygen  than  the  carbohydrates,  and  for  this  reason 
they  use  up,  during  their  conversion  into  carbonic  acid  and 
water,  a smaller  volume  of  oxygen  than  that  corresponding 
to  the  volume  of  carbonic  acid  formed.  Tartaric  acid  with 
24  vols,  of  oxygen  gives  4 vols.  of  C02  : C4H606  + 50  = 
4C02  + 3H20.  But  carbonic  acid  may  be  developed  from 
another  source  without  oxygen  being  taken  up.  The  carbo- 
hydrates may  undergo  marsh-gas  fermentation  in  the  in- 
testine : C6H1206  = 3C02  + 3CH4.  The  carbonic  acid  is 
absorbed  from  the  intestine  and  breathed  out  from  the 
lungs,  but  the  marsh-gas  remains  unoxidized  ( vide  below, 
pp.  305,  308), 

It  is  important  to  know  all  these  conditions  upon  which 
the  respiratory  quotient  depends.  In  the  experiments  on 
metabolism,  the  size  of  this  quotient  affords  many  indications 
from  which  the  chemical  processes  in  the  tissues  may  be 
judged. 

In  speaking  of  respiration,  we  have  hitherto  meant  only 
the  respiration  through  the  lungs.  The  question  now  remains 
for  us  to  consider  whether  there  is,  in  human  beings,  such  a 
thing  as  cutaneous  respiration.  It  undoubtedly  exists  among 
the  lower  animals,  as  well  as  among  certain  of  the  lower 
vertebrata.  Among  the  amphibia,  the  interchange  of  gases 
goes  on  more  extensively  by  means  of  the  skin  than  by  the 
lungs.  This  was  known  even  to  Spallanzani.*  He  proved 
that  many  kinds  of  amphibia  lived  longer  after  extirpation 

* Spallanzani,  “ Memoires  sur  la  respiration,  traduits  par  Senebier,”  p.  73  ; 
Geneve,  1803. 
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of  the  lungs  than  after  their  skins  were  varnished  over. 
There  is,  however,  this  objection  to  the  above  experiment,  i.e. 
that  the  varnishing  of  the  skin  would  he  prejudicial  in  another 
way.  Spallanzani’s  experiments  have  therefore  been  repeated 
with  many  alterations.*  Fubini  estimated  the  whole  of  the 
C02  given  out  by  normal  frogs,  and,  on  comparing  it  with 
that  given  out  by  frogs  with  their  lungs  extirpated,  found  that 
the  latter  was  only  a little  less.  To  this  experiment  the 
objection  may  also  he  raised,  that  after  extirpation  of  the 
lungs  the  output  of  C02  by  the  skin  was  no  longer  normal, 
but  increased  by  vicarious  activity.  Ferd.  Klug,  therefore, 
constructed  a special  apparatus,  in  which  the  head  and  the 
body  were  each  in  separate  compartments.  The  separation 
was  effected  by  means  of  a lamina  of  indiarubber,  through 
which  the  head  was  passed.  The  result  of  this  experiment 
was  found  to  be  that  only  a very  small  part  of  the  C02  was 
given  out  through  the  lungs. 

The  most  exact  estimates  on  the  output  of  C02  through 
the  skin  of  human  beings  were  made  by  H.  Aubert.f  The 
person  experimented  on  sat  naked  in  an  air-tight  box,  the 
top  of  which  was  made  of  indiarubber.  The  head  came  out 
of  a round  hole  in  this  covering,  which  fitted  tightly  round 
the  neck,  so  that  no  air  could  get  in.  A stream  of  air  was 
now  admitted  into  the  enclosed  space.  The  air  had  been 
previously  freed  from  all  carbonic  acid,  and  on  coming  out 
was  passed  through  flasks  containing  baryta  water.  The 
experiment  lasted  for  two  hours.  From  the  carbonic  acid 
absorbed  during  this  time  by  the  solution  of  baryta,  the 
quantity  eliminated  in  twenty-four  hours  was  estimated. 
Seven  experiments  showed  that  in  twenty-four  horns  a man 
gives  out  by  the  skin  a maximum  of  6*3  grms.,  a minimum 
of  2'3,  or  an  average  of  3’9  grms.  of  carbonic  acid. 

* Vide  Fubini,  Molesehott’s  Unt.  z.  Naturlehre,  vol.  xii.  p.  100 : 1S7S ; and 
Ferd.  Klug,  Du  Bois’  Arch.,  p.  183 : 1884,  containing  also  a critical  notice  of 
the  earlier  literature. 

t H.  Aubert,  Pfliiger’s  Arch.,  vol.  vi.  p.  539  : 1S72. 
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This  amount  of  C02  is  exceedingly  small  in  comparison 
with  that  proceeding  from  the  lungs,  which  in  human  beings 
amounts  to  from  800  to  1200  grms.  in  twenty-four  hours. 
It  is  even  doubtful  whether  the  small  quantity  of  C02  found 
was  really  given  off  by  the  skin  in  the  form  of  gas.  It  is 
possible  that  it  arose  from  the  decomposition  of  the  secretions 
of  the  skin  and  of  the  cast-off  epidermis.  Still  more  dubious 
are  the  statements  that  small  quantities  of  oxygen  are  taken 
up  through  the  human  skin. 

Until  quite  recently,  it  was  believed  that  not  only  is 
carbonic  acid  given  out  through  the  skin,  but  also  certain 
gaseous  organic  compounds  of  a more  complex  nature.  This 
has  been  the  explanation  offered  for  the  injurious  effects  of  a 
great  many  people  being  shut  up  together  in  a small  room. 
It  was  thought  that  these  organic  vapours  have  a very  low 
tension ; that  the  air  soon  reaches  saturation  as  far  as  they 
are  concerned,  and  cannot  receive  any  more  of  them  from 
the  organism,  unless  it  be  rapidly  changed  and  renewed.  If 
these  vapours,  in  however  small  a quantity,  remain  behind 
and  collect  in  the  body,  they  act  on  certain  parts  of  the 
nervous  system,  and  through  these  on  the  whole  body,  as 
easily  as  they  do  on  our  olfactory  nerves  when  they  have 
passed  into  the  air,  when  they  may  even  cause  vomiting.* 

This  idea  of  the  injurious  effects  arising  from  the  sup- 
pressed action  of  the  skin  is  as  old  as  the  history  of  medicine, 
and  even  up  to  the  present  time  the  perspirabile  retentum 
plays  an  important  part  in  the  etiology  of  certain  diseases. 
This  idea  induced  Pettenkofer,  in  his  researches  on  respira- 
tion, to  abandon  the  method  of  Regnault  and  Reiset,  and  to 
construct  a new  respiratory  apparatus,  in  which  a constant 
current  of  fresh  air  passed  through  the  compartment  that 
held  the  person  or  animal.  Pettenkofer  had  found  that  when 
the  proportion  of  C02  had  risen  to  0‘1  per  cent,  in  a room 
filled  with  people,  the  air  began  to  smell,  and  that  when  it 

* Pettenkofer,  Liebig’s  Ann.  d.  Chem.  u.  Pharm.,  vol.  ii.  Suppl.  p.  5 : 1802. 
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rose  to  1 per  cent.,  the  air  became  almost  unendurable.  But 
if  he  developed  carbonic  acid  in  a room,  by  acting  on  bicarbo- 
nate of  sodium  with  sulphuric  acid,  until  the  C02  in  the  air 
amounted  to  1 per  cent.*  he  found  that  be  could  remain  in 
this  room  quite  comfortably  for  a considerable  time<  It  is, 
therefore,  not  the  carbonic  acid  itself  that  is  the  harmful 
product  in  so-called  bad  air ; but,  according  to  Pettenkofer,  the 
C02  is  a measure  of  the  injurious  products  of  perspiration 
which  are  as  yet  unknown  to  us. 

All  endeavours  to  discover  what  these  harmful  products 
of  perspiration  are  have  hitherto  failed.  The  latest  experi- 
ments were  made  by  Hermans  * in  the  Institute  of  Hygiene 
in  Amsterdam.  A man  was  shut  in  an  air-tight  tin  case. 
A feeling  of  discomfort  began  when  the  C02  in  the  ah-  rose 
above  3 per  cent.,  but  dyspnoea  did  not  set  in  till  it  had 
reached  5-3  per  cent.  If  the  carbonic  acid  was  dispersed 
by  absorption,  no  inconvenience  was  experienced,  even  when 
the  amount  of  oxygen  in  the  box  sank  to  10  per  cent.  In 
order  to  discover  the  supposed  organic  products  of  perspiration, 
air  was  first  passed  through  the  ease,  and  then  through  an 
absorption  apparatus.  When  passed  through  titrated  sul- 
phuric acid,  the  titre  was  always  found  to  be  unaltered.'  If 
the  air  was  passed  over  red-hot  oxide  of  copper,  the  amount 
of  C02  and  of  water  did  not  increase.  In  the  same  way,  the 
titre  of  a boiling  acid  or  alkaline  permanganate  solution  was 
found  to  be  unchanged,  even  after  many  litres  of  the  air  taken 
from  the  case  towards  the  end  of  the  experiment,  had  been 
slowly  passed  through  it.  Neither  did  the  condensed  water, 
obtained  from  the  issuing  air  after  being  cooled  by  ice,  nor 
the  condensed  water  from  the  sides  of  the  case,  alter  the 
titre  of  the  boiling  permanganate  solution.  There  was  likewise 
no  disagreeable  smell.  The  greatest  care  had  been  taken  to 
see  that  the  clothing  and  person  of  the  man  experimented 
upon  were  perfectly  clean.  Hermans,  therefore,  comes  to  the 
* Hermans,  Arch.  f.  Hygiene,  vol.  i.  p.  1 : 1883. 
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conclusion  that  when  healthy  people  give  out  malodorous 
substances  in  the  atmosphere,  these  come,  not  from  normal 
perspiration,  but  from  the  processes  of  decomposition  caused 
by  the  dirty  state  of  the  body  or  clothes. 

The  medical  men  who  believe  in  the  harmfulness  of  the 
perspirabile  retentum,  ground  their  belief  on  the  following 
facts : (1)  The  injurious  effect  on  animals  whose  skin  has 
been  rendered  impervious  to  perspiration  by  varnishing ; and 
(2)  the  fatal  effect  of  extensive  burns  of  the  skin.  But  these 
facts  must  be  differently  interpreted. 

The  death  of  varnished  animals  may  be  explained  by 
an  increased  loss  of  heat.*  The  varnishing  appears  to 
damage  the  vasomotor  nerves : the  cutaneous  vessels  be- 
come dilated,  the  surface  of  the  body  becomes  warmer  than 
it  normally  is,  and  the  loss  of  heat  is  greater.  In  conse- 
quence of  this,  the  temperature  of  the  body  sinks,  and  the 
animals  die  of  cold.  If  an  animal  be  only  partially  var- 
nished, it  is  found  that  the  varnished  parts  are  warmer  than 
the  rest  of  the  skin.  A varnished  animal  gives  out  more  heat 
in  the  calorimeter  than  a normal  one  does.  If  the  cooling 
be  prevented  by  wrapping  the  varnished  animal  in  wool,  or 
by  placing  it  in  a warm  place,  it  remains  alive  and  does 
not  become  ill.  Besides,  only  those  animals  fall  ill,  on 
being  varnished,  that  have  a delicate  skin,  and  a surface 
that  is  large  in  proportion  to  their  small  weight,  as,  for 
instance,  rabbits.  Larger  animals  with  a tough  skin,  such 
as  dogs,  remain  perfectly  well  with  their  whole  body  varnished 
over. 

Senator,!  in  Berlin,  even  ventured  to  varnish  human 
beings.  He  had  two  patients  suffering  from  rheumatism, 
which  is  often  thought  to  be  caused  by  the  arrest  of  the 
action  of  the  skin.  Any  interference  with  this  action 
should  therefore  be  attended  with  dire  consequences.  The 

* Lasohkewitsch,  Arch.  f.  Anat.  u.  Physiol p.  61  : 1868. 

f Senator,  Virchow’s  Arch.,  vol.  lxx.  p.  182  : 1877. 
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extremities  of  these  patients  were  encased  in  sticking-plaster, 
and  almost  the  whole  trunk  was  thickly  painted  with  collo- 
dion, mixed  with  a little  castor  oil,  to  take  off  the  harshness. 
Only  the  skin  of  the  head,  neck,  buttock,  and  genitals  re- 
mained free.  One  patient  twice  remained  in  this  condition 
for  twenty-four  hours,  the  other  for  fully  eight  days ! The 
third  experiment  was  made  on  a female  patient  with 
chronic  pemphigus.  The  whole  body,  and  even  the  face, 
was  thickly  covered  with  common  tar,  and  the  head,  which 
had  been  shaven,  with  oleum  rusci.  * * * § This  air-tight  covering 
was  not  removed  for  ten  days,  but  no  injurious  consequences 
occurred  in  any  of  the  three  cases. 

Finally,  as  regards  the  fatal  effect  of  extensive  burns  on 
the  skin,  there  may  be  other  explanations  than  that  of  the 
p erspirabile  retentum ; in  fact,  in  recent  times  many  others 
have  been  attempted.  We  know  that  even  a moderate  rise 
of  temperature  will  alter  and  destroy  the  blood-corpuscles. t 
This  led  to  the  supposition  that  the  blood-cells  which  pass 
through  the  capillaries  of  the  skin  during  a burn  become 
destroyed  by  the  higher  temperature,  and  that  their  de- 
composition-products indirectly  cause  the  symptoms,  which 
ensue.  And,  in  fact,  a constituent  of  the  corpuscles,  the 
hasmoglobin,  was  found  in  the  plasma  of  the  blood  after  a 
burn,  and  the  haemoglobin,  or  a derivative,  was  found  in  the 
urine 4 According  to  Hoppe-Seyler’s  § and  Tappeiner’s  ||  in- 


* Oleum  rusci  sive  pix  betulimum  sive  oleum  bctulte  empyreumaticum,  is  a 
tarry  product  obtained  from  all  parts  of  the  birch  tree,  and  in  great  favour  as  a 
popular  remedy  for  all  kinds  of  diseases  in  Poland  and  Russia.  It  is  also  em- 
ployed in  the  fabrication  of  certain  liqueurs,  and  especially  in  the  preparation  of 
Russian  leather,  to  which  it  imparts  its  characteristic  odour  (see  Dr.  Hager’s 
“ Handbuch  der  pharmaceutischen  Praxis : ” Berlin,  18S0 ; and  the  United 
States  Dispensary : 1883). — Ed. 

t Max  Schultze,  Arch.  f.  mile.  Anat.,  vol.  i.  p.  26:  1S65. 

X Wertheim,  Wiener  med.  Presse , No.  13 : 1868 ; Ponfick,  Perl.  Min.  Wo- 
chenschr.,  No.  46:  1877;  Centralb.  f.  d.  med.  Wissensch.,  Nos.  11,  16  : 1S80  ; Yon 
Lesser,  Virchow’s  Arch.,  vol.  lxxix.  p.  248  : 1880. 

§ Hoppe-Seyler,  Zeitschr.  f.  physiol.  Ghem.,  vol.  v.  pp.  1,  314:  1881. 

||  Tappeiner,  Centralb.  /.  d.  med.  Wissensch.,  vol.  xix.  pp.  385,  401 : 1881. 
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vestigations,  however,  the  amount  of  haemoglobin  in  the 
blood-plasma  after  burns  is  very  slight,  and  was  even  en- 
tirely absent  in  one  case  which  ended  fatally.  Neither 
it  nor  its  derivatives  invariably  occur  in  the  urine.  On 
the  other  hand,  the  following  fact  observed  by  Tappeiner 
is  very  interesting : he , found  the  blood  of  patients  with  ex- 
tensive skin-burns  to  be  much  richer  in  corpuscles  and 
poorer  in  plasma  than  normal  blood.  This  thickening  of 
the  blood  is  accounted  for  by  the  transudation  of  lymph  at 
the  burnt  places,  and  is,  perhaps,  the  primary  cause  of  all  the 
symptoms  and  of  death. 

We  thus  see  that  there  is  no  real  ground  for  assuming 
that  any  gaseous  products  are  excreted  by  the  human  skin. 
Our  knowledge  of  the  chemistry  of  cutaneous  action  is  alto- 
gether very  limited.  Nothing  certain  is  known  concerning 
the  chemical  composition  of  perspiration,*  and  there  is  at 
present  no  reason  for  considering  this  secretion  to  have  any 
other  use  than  that  of  the  purely  physical  action  in  regulating 
the  temperature  of  the  body.  The  evaporation  of  water  on 
the  surface  of  the  body  is  the  most  effectual  means  of  cooling 
it.  It  must  not  be  forgotten  what  an  enormous  amount 
of  heat  becomes  latent  when  water  passes  from  the  liquid 
to  the  gaseous  state.  The  secretion  of  perspiration  is 
entirely  absent  in  many  animals,  as  in  the  dog,  and  is 
replaced  by  a more  copious  evaporation  from  the  surface  of 
the  lungs. 

Before  concluding  the  chapter  on  respiration  and  the 
behaviour  of  gases  in  the  body,  we  must  consider  the  gases 
which  occur  in  the  alimentary  canal,  their  origin,  and  their 
behaviour  under  physiological  and  pathological  conditions. 

The  gases  in  the  alimentary  canal  arise  from  four  sources : 

* Vide  0.  Funke,  Moleschott’ s Unter,  z.  Naturlehre  d.  Menschen  u.  der  Thier e, 
vol.  iv.  p.  36  : 1858;  and  W.  Leube,  “ Ueber  den  Antagonismus  zwischen  Harn- 
und  Schwei8secretion  und  dessen  therapeutische  Bedeutung,”  Deutsch.  Arch.  f. 
ldin.  Med.,  vol.  vii.  p.  1 : 1870.  An  account  of  the  previous  literature  is  also 
given. 
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(1)  Atmospheric  air  is  continually  being  swallowed  with  the 
saliva,  with  food  and  drink ; part  of  it  escapes  again  by 
the  oesophagus,  but  the  rest  passes  into  the  intestine;  (2) 
gases  arise  by  fermentative  processes  in  the  contents  of  the 
stomach  and  intestine ; (3)  gases  diffuse  from  the  tissues 
of  the  intestinal  wall  into  the  intestine ; and  (4)  C02  is 
liberated  when  the  sodium  carbonate  of  the  intestinal  juice 
is  neutralized. 

The  following  gases  have,  up  to  the  present,  been  detected 
in  the  alimentary  canal  of  human  beings  and  of  mammals  : * 
0,  N,  CO,  H,  CH4,  and  H2S. 

Oxygen  reaches  the  alimentary  canal  only  by  the  air  that 
is  swallowed,  and  disappears  almost  entirely  in  the  stomach, 
partly  by  uniting  with  the  reducing  substances  which  proceed 
from  the  fermentative  processes  already  set  up  in  the 
stomach,  and  especially  with  the  nascent  hydrogen  arising 
from  butyric  acid  fermentation,  and  partly  by  diffusion  into 
the  tissues  of  the  gastric  wall.  Traces  of  oxygen  could  still 
be  found  in  the  gases  obtained  from  the  upper  portion  of  the 
intestine,  but  none  in  that  from  the  lower  parts.  Planer  in- 
jected atmospheric  air  into  a ligatured  small  intestine  of  a 
living  dog,  and  even  after  one  and  a half  hours,  half  of  the 
oxygen  had  disappeared  from  the  air,  and  had  been  replaced 
by  carbonic  acid.  In  the  case  of  a few  fish,  the  diffusion  of 
the  atmospheric  oxygen  swallowed  by  them,  through  the  walls 
of  the  alimentary  canal,  plays  an  important  part  in  the  process 
of  respiration.! 

Nitrogen  also  reaches  the  alimentary  canal  with  the  air 
swallowed,  but  does  not  diffuse  into  the  tissues  of  the  intestinal 

* Planer,  Sitzungsber.  d.  7c.  Alcad.  d.  W.  zu,  Wien. , vol.  xlii.  p.  307:  1S60; 
E.  Ruge,  ibid.,  vol.  xlix.  p.  739  : 1862 ; C.  B.  Hofmann,  Wiener  med.  Woclienschr 
1872;  Tappeiner,  Zeitschr.  f.  physiol.  Cheni.,  vol.  vi.  p.  432:  1S82;  Zeitsckr.  f. 
Biolog.,  vol.  xix.  p.  228:  1883;  and  vol.  xx.  p.  52:  1884;  F.  Euke,  Arbeit,  a.  d. 
patliol.  Inst.  z.  München.,  edit,  by  Bolliger,  pp.  215,  226 : 1886. 

t Erman,  Ann.  d.  Physik.,  vol.  xxx.  p.  113:  1808;  Leydig,  Arch.  f.  Anat.  u. 
Physiol.,  p.  3:  1853;  Baumert,  “ Chemische  Untersuchung  über  die  Respiration 
des  Schlammpeitzgers  : ” Breslau,  1855. 
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wall,  because  the  partial  pressure  of  the  nitrogen  is  very 
nearly  the  same  in  this  latter  as  in  atmospheric  air.  It 
nrast,  on  the  contrary,  be  assumed  that  nitrogen  diffuses  out 
of  the  tissues  of  the  intestinal  wall  into  the  intestine.  This 
occurs  in  the  lower  portion  of  the  intestine,  in  proportion  as 
other  gases  are  developed  by  fermentation  and  the  partial 
pressure  of  the  nitrogen  sinks.  The  intestinal  gases,  as  a 
matter  of  fact,  always  contain  an  abundance  of  nitrogen. 

Hydrogen  is  formed  in  large  quantities  by  fermentative 
processes,  and  especially,  together  with  C02,  in  butyric 
acid  fermentation.  This  latter  form  of  fermentation  can 
always  be  detected  in  the  contents  of  the  large  and  small 
intestine.*  As  already  mentioned  (p.  192)_,  marsh-gas  arises, 
with  carbonic  acid,  by  the  decomposition  of  cellulose.  But 
these  are  not  the  only  two  processes  of  fermentation  by 
which  C02,  H,  and  CH4  are  formed  in  the  intestine.  Buge 
found  marsh-gas  in  the  gases  of  the  colon  of  living  people, 
even  after  a diet  exclusively  composed  of  meat ; and  Tap- 
peiner  found  abundance  of  marsh-gas  and  hydrogen  in  the 
gases  of  pigs’  colons,  which  had  been  fed  for  three  weeks 
entirely  on  meat.  These  gases  proceed  not  only  from  the 
decomposition  of  carbohydrates,  but  also  of  proteids.  Kunkel  f 
found  that  the  gases  produced  by  artificial  pancreatic 
digestion,  without  excluding  the  fermentative  organisms,  con- 
tained as  much  as  60  per  cent.  H,  and  1'6  per  cent,  marsh-gas; 
and  Tappeiner  1 showed  that  sterilized  solutions  of  common 
salt  with  peptone  and  fibrin,  when  mixed  with  a little  of 
the  intestinal  contents,  developed  a mixture  of  gases  which 
contained  as  much  as  40  per  cent.  H,  and  as  much  as  19 
per  cent.  CH4.  It  is  noteworthy  that  in  one  of  these  experi- 
ments, Tappeiner  produced  from  a solution  of  peptone  a 
mixture  of  gases  which  contained  99'65  per  cent.  C02,  as 

* Compare  Rubner,  Zeitschr.  f.  Biolog.,  vol.  xix.  p.  84,  et  seq. : 1883. 

t Kunkel,  Verhandl.  d.  physilc.-med.  Getselhcli.  in  Wurzburg.  N.  F.,  vol.  viii 
p.  134  : 1874. 

X Tappeiner,  “ Arb.  a.  d.  patholog.  Inst,  in  München,”  vol  i.  p.  218 : 188G. 
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well  as  0‘14  H and  0'21  CH4.  In  the  intestine,  fermentations 
appear  to  go  on  in  which  carbonic  acid  alone,  without  any 
other  gas,  is  developed  from  proteid. 

Besides  this,  carbonic  acid  is  developed  in  large  quantity 
through  the  neutralization  of  the  acid  chyme  by  the  sodium 
carbonate  of  the  intestinal  juice.  If  we  may  assume  for 
human  beings  the  same  proportion  of  hydrochloric  acid  in  the 
gastric  juice  which  was  found  by  Carl  Schmidt  in  the  dog, 
it  would  appear  that  6 litres  of  C02  are  daily  liberated  in 
our  intestine,  by  neutralization  of  the  hydrochloric  acid.  We 
have  to  add  the  still  larger  quantity  which  is  set  free  by  the 
neutralization  of  lactic  and  butyric  acids,  which  are  constantly 
formed  in  the  intestine  from  the  carbohydrates  of  food.  Still, 
we  are  not  inconvenienced  by  these  large  volumes  of  C02,  for 
the  co-efficient  of  absorption  of  carbonic  acid  is  very  high, 
and  the  partial  pressure  of  C02  in  the  intestinal  walls  is 
scarcely  ever  higher  than  10  per  cent,  of  an  atmosphere. 
Therefore,  as  soon  as  the  bowel  contains  more  than  10  per 
cent,  of  C02,  diffusion  into  the  blood  must  commence.  The 
proportion  of  carbonic  acid  in  intestinal  gases  is  commonly 
from  20  to  50  per  cent.,  and  more.  It  follows  that  there  is 
constantly  an  active  current  of  carbonic  acid  from  the 
intestine  into  the  blood.  The  C02  developed  in  the  bowel  is 
exhaled  by  the  lung. 

On  the  other  hand,  hydrogen  may  give  rise  to  much  dis- 
comfort, owing  to  its  very  low  co-efficient  of  absorption.  It 
follows  that  patients  suffering  from  chronic  dyspepsia,  and 
disposed  to  flatulence,  must  be  extremely  careful  to  avoid  such 
articles  of  diet  as  tend  to  a butyric  fermentation.  According 
to  the  observations  of  Buge  and  Tappeiner,  milk  appears 
to  be  especially  injurious  in  this  respect.  The  experience  of 
many  patients  coincides  with  this  view.  In  the  same  way, 
starchy  foods,  which  are  hard  to  digest,  are  to  be  avoided, 
because  they  convey  large  quantities  of  carbohydrates  into 
the  lower  portion  of  the  small  intestine,  the  alkalinity  of 
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which  encourages  butyric  fermentation.  It  would  be  wise  to 
administer  carbohydrates  in  the  form  of  boiled  fruits,  because 
we  thus  convey  with  them  acids  into  the  bowels,  and  because 
the  acids  thus  prevent  butyric  fermentation.  There  are 
many  patients  with  whom  cereals,  the  leguminosse,  and 
potatoes  disagree,  but  who  are  still  able  to  take  stewed  fruits 
with  rice,  which  is  easily  digested,  and  which  is  manifestly 
almost  entirely  absorbed  in  the  upper  part  of  the  bowel. 

The  following  table  gives  the  co-efficients  of  absorption  of 
the  intestinal  gases.  They  have  been  determined  by  Bunsen 
at  a temperature  of  15°  C.  It  is  to  be  regretted  that  they 
have  not  also  been  determined  for  the  body-temperature. 


Nitrogen 

• . 

. . 0-01478 

CH4  .. 

• • . . 

. . 0-03909 

Hydrogen 

. . 

. , 0-01930 

COo  .. 

• • . • 

..  1-0020 

Oxygen 

. . 

. . 0 02989 

H0S  .. 

. . 

..  3-2326 

The  quantity  of  sulphuretted  hydrogen  contained  in  the 
intestinal  gases  is  very  small,  and  cannot  be  quantitatively 
determined.  It  is,  however,  conceivable  that  the  quantity 
developed  in  the  bowel  is  sometimes  larger  than  might  be 
supposed  from  the  small  amount  contained  in  the  intestinal 
gases.  We  must  not  forget  how  high  the  co-efficient  of 
absorption  of  sulphuretted  hydrogen  is,  being  one  hundred 
times  higher  than  that  of  oxygen,  which  is  so  easily 
diffusible.  Sulphuretted  hydrogen,  in  proportion  as  it  is  set 
free,  must  at  once  diffuse  into  the  blood.  Planer  injected 
into  the  rectum  of  dogs,  sulphuretted  hydrogen  diluted  with 
hydrogen,  and  observed  toxic  symptoms  within  one  or  two 
minutes.  When,  in  certain  processes  of  disease,  abnormal 
decomposition  takes  place  in  the  contents  of  the  bowel,  it  is 
possible  that  a large  quantity  of  sulphuretted  hydrogen 
may  be  developed.  In  the  artificial  digestion  of  fibrin  by 
pancreatic  juice,  without  excluding  bacteria,  Kunkel  found  that 
the  gases  contained  as  much  as  1*9  per  cent,  of  IBS.  It  is 
possible  that  in  the  headache,  vertigo,  and  nausea  frequently 
accompanying  gastric  and  intestinal  catarrh  and  persistent 
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constipation,  poisoning  by  sulphuretted  hydrogen  plays  a 
part.  Senator  * communicates  the  following  case,  which  he 
regards  as  undoubtedly  one  of  poisoning  by  sulphuretted 
hydrogen.  He  succeeded  in  finding  sulphuretted  hydrogen 
in  the  urine  of  a patient  suffering  from  acute  intestinal 
catarrh,  as  it  distinctly  gave  a brown  colour  to  a visiting- 
card,  which  contained  lead.  The  eructations  of  the  patient 
caused  a distinct  odour  of  sulphuretted  hydrogen.  He  also 
had  repeated  attacks  of  vertigo,  accompanied  by  epigastric 
oppression  and  a dark  complexion.  It  is  stated  that  persons 
engaged  in  the  emptying  of  cesspools,  and  exposed  to  sul- 
phuretted hydrogen  gas,  have  experienced  similar  symptoms. 

We  have  little  certain  knowledge  as  yet  as  to  what 
becomes  of  the  absorbed  hydrogen  and  marsh-gas.  They 
either  become  oxidized,  or  reappear  in  the  exhaled  air.  An 
experiment  made  in  Zuntz’s  | laboratory  in  Berlin,  with  a 
tracheotomized  rabbit,  showed  that  the  air  exhaled  by  these 
animals  invariably  contains  hydrogen,  and  generally  marsh- 
gas  as  well — to  a greater  extent  even  than  the  gases  voided 
during  the  same  period  per  anum.  It  has  not  yet  been 
determined  whether  all  hydrogen  and  all  marsh-gas  which 
are  absorbed  from  the  intestine  reappear  in  the  expired  air, 
or  whether  a part  is  oxidized  in  the  body.  The  decision  of 
this  question  would  be  of  great  interest  for  the  theory  of 
internal  respiration  (compare  pp.  271-277). 

The  quantitative  composition  of  intestinal  gases  necessarily 
varies  greatly  according  to  the  diet  and  the  condition  of  the 
entire  digestive  apparatus,  and  especially  according  to  the  ex- 
tent to  which  fermentation  can  be  resisted.  Thus,  for  instance, 
Buge  found  in  the  intestinal  gases  of  the  same  person : — 

* Senator,  Berlin,  klin.  Wochen  itch,  Jahrg.  v.  p.  254:  1SGS. 

+ 13.  Tacke,  “Ueber  die  Bedeutung  der  brennbaren  Gase  im  thierisclien 
Organismus,”  Inaug.  Dissert. : Berlin,  1884.  Also  Ber.  d.  deutsch,  cliem. 
Ges.,  vol.  xvii.  p.  1827:  1S84. 
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After  milk  diet. 

Alter  four  days’ 
diet  of  leguminosa: 
only. 

After  three  days' 
diet  of  meat  only. 

Oxygen  . . 







Nitrogen.. 

36-71 

18-96 

64-41 

Hydrogen  

54-23 

403 

0-69 

CH,  

— 

55-94 

26-45 

CO 

906 

21-05 

8-45 

H..S  

— 

Trace 

— 

Tappeiner  * found  that  the  gases  removed  half  an  hour  after 
death  from  the  corpse  of  a man  who  had  been  executed, 
exhibited  the  following  composition  : — 


Stomach. 

Ileum. 

Colon. 

Rectum. 

Oxygen 

9 191 

67-71 





Nitrogen 

. . 

74-26/ 

7-46 

62-76 

Hydrogen 

. . 

008 

389 

0-46 

— 

CH,  .. 

. . 

016 

— 

006 

0-9 

C02  . . 

• • 

16-31 

28-4 

91-92 

36-4 

* Tuppeiner,  “ Arb.  a.  d.  patholog.  Inst,  in  München,”  vol.  i.  p.  22G : 1886. 
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LECTURE  XVI. 

THE  NITROGENOUS  PRODUCTS  OP  METABOLISM. 

The  examination  of  the  processes  of  respiration  has  shown 
us  that  the  bulk  of  carbon  is  eliminated  from  our  body  by 
the  lungs  as  carbonic  acid.  The  remainder  of  the  carbon 
takes  a different  course.  It  quits  our  body  in  combination 
with  the  hulk  of  the  nitrogen,  in  the  form  of  a series  of 
combinations  very  rich  in  nitrogen,  through  the  kidneys. 
Among  these  nitrogenous  products,  the  chief  in  man  are  urea, 
uric  acid,  hippuric  acid,  creatin,  and  creatinin.  A con- 
siderable portion  of  nitrogen  appears  in  urine  in  the  form  of 
an  inorganic  combination  as  a salt  of  ammonia. 

We  will  now  pursue  the  origin  of  these  products  in  the 
animal  bod}»-  as  far  as  the  present  state  of  our  knowledge 
permits.  We  will  begin  with  hippuric  acid,  because  the 
origin  of  this  combination  has  been  more  carefully  studied 
and  is  better  known  than  that  of  any  of  the  other  nitrogenous 
products.  The  constitution  of  hippuric  acid  is  accurately 
known.  The  following  mode  of  preparation  makes  it  very 
clear : — 

CGIT5  - CO  - +CH2C1  - COOH  = 
Benzamide.  Monochloracetic  acid. 

c6h5  - co  - <£H2  _ C00H  +C1 

Hippuric  acid. 

If  we  boil  hippuric  acid  with  strong  mineral  acids,  or  with 
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alkalies,  or  subject  it  to  the  action  of  ferments,  it  splits  up 
with  hydration  into  benzoic  acid  and  glycocoll. 

CA  - CO  - N<£Ha  _ C00H  + H20  = 

Hippuric  acid. 

CgH5  - COOH  + H - N\ch-2  _ C00H 
Benzoic  acid.  Glycocoll. 

Hippuric  acid  is  again  formed,  with  dehydration,  from  these 
two  products  of  decomposition,  if  they  are  allowed  to  act 
upon  one  another  at  a high  temperature  and  under  increased 
pressure.  To  effect  this,  they  are  inserted  dry  into  a glass 
tube,  the  ends  of  which  are  fused,  and  the  tube  is  kept  at  a 
temperature  of  160°  C.  for  twelve  hours.* 

Hippuric  acid  is  also  formed  in  the  animal  body  by  the 
combination  of  benzoic  acid  and  glycocoll.  If  benzoic  acid  is 
introduced  into  the  stomach  of  an  animal  or  a human  being, 
it  reappears  as  hippuric  acid  in  the  urine.  Doubtless  the 
glycocoll  used  in  its  formation  arises  from  the  decomposition 
of  the  albuminous  tissues.  Free  glycocoll  has  certainly  not 
as  yet  been  proved  to  exist  in  animals.  As  little  are  we  able 
to  obtain  it  by  the  artificial  decomposition  of  albumen,  but  we 
know  that  the  immediate  derivatives  of  albumen,  the  col- 
lagenous substances,  when  decomposed  either  by  ferments,  by 
acids,  or  by  alkalies,  readily  yield  glycocoll.  In  combination 
with  an  acid,  glycocoll  also  appears,  as  we  have  seen,  in  bile, 
as  glycocholic  acid. 

Hippuric  acid  is  also  constantly  found  in  the  urine  of  the 
herbivora,  without  the  artificial  administration  of  benzoic 
acid.  The  numerous  aromatic  combinations  which  are  con- 
tained in  the  tissues  of  plants,  and  which  in  the  animal  body 
are  converted  by  oxidation  into  benzoic  acid  (comp.  p.'280), 
evidently  yield  the  material  for  its  formation.  However,  small 
quantities  of  hippuric  acid  may  be  found  in  the  urine  of  dogs 
* Dessaignes,  Journ.  pharm,  vol.  xxxii.  p.  44:  1857. 
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fed  only  upon  flesh,  and  also  during  inanition.*  In  this  case 
the  benzoic  acid  is  formed  from  the  aromatic  radicals,  which 
are  contained  in  the  proteid  molecule. f 

The  amount  of  hippuric  acid  contained  in  the  urine  of 
man  in  twenty-four  hours,  is  generally  less  than  1 grm. ; 
but  after  the  consumption  of  certain  berries  and  fruits,  it 
amounts  to  several  grammes. 

The  fact  that  benzoic  acid  introduced  into  the  stomach 
reappears  as  hippuric  acid  in  the  urine  was  discovered  as 
early  as  1824,  by  Wohler. $ This  discovery  was  afterwards 
confirmed  by  numerous  experiments,  and  excited  some  atten- 
tion, for  it  was  the  first  synthetic  process  which  was  proved 
to  occur  in  the  animal  body.  Since  then,  a long  series  of 
other  syntheses  have  been  discovered  in  the  animal  body.  I 
need  only  remind  my  readers  of  the  formation  of  the  conju- 
gated sulphuric  acids  and  glycuronic  acids,  and  of  the  forma- 
tion of  glycogen  from  sugar.  It  is  probable  that  the  formation 
of  albumen  from  peptone  belongs  to  this  category.  We  shall 
soon  become  acquainted  with  other  synthetic  processes. 

There  are  two  reasons  why  these  synthetic  processes  in 
the  animal  body  have  excited  the  interest  of  physiologists  and 
chemists  during  the  last  twenty  years : in  the  first  place,  these 
facts  were  in  contradiction  to  the  dominant  doctrine  of  Liebig 
■with  regard  to  the  universal  contrast  between  the  processes 
of  tissue-change  in  plants  and  in  animals ; in  the  second 
place,  the  syntheses  in  animals  are  an  unsolved  problem 
to  chemists,  although  it  is  the  rapid  progress  in  our  know- 
ledge of  the  syntheses  of  organic  combinations  which  consti- 
tutes the  greatest  triumph  of  modern  chemistry.  We  are 

* E.  Salkowski,  Ber.  d.  deutsch,  ehern.  Ges.,  vol.  si.  p.  500 : 1878. 
t E.  and  H.  Salkowski,  ibid.,  vol.  xii.  pp.  107,  64S,  653  : 1879 ; Zeitsehr.  f. 
physiol.  Chem.,  vol.  vii.  p.  161 : 1882;  E.  Salkowski,  Zeitschr.  f.  physiol.  Cliem., 
vol.  ix.  p.  229:  1885.  Compare  also  Tappeiner,  Zeitschr.  /.  Biolog.,  vol.  xxii.  p. 
236:  1886;  and  R.  Baas,  Zeitschr.  f.  physiol.  Chem.,  vol.  xi.  p.  485:  1887. 

x Berzelius,  “Lehrbuch  der  Chemie,”  translated  by  Wöhler,  vol.  iv.  p.  370; 
Anon.  Dresden,  1831. 
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already  able  artificially  to  build  up,  atom  for  atom,  out 
of  their  elements,  a series  of  organic  compounds,  some  of  a 
very  complicated  character.  We  no  longer  doubt  that  all  the 
rest,  even  the  most  complex,  will  be  thus  produced;  it  is 
merely  a question  of  time.  Still,  this  in  no  way  represents 
the  synthetic  processes  in  the  living  cell,  for  all  our  artificial 
syntheses  can  only  be  achieved  by  the  application  of  forces 
and  agents  which  can  never  play  a part  in  vital  processes, 
such  as  extreme  pressure,  high  temperature,  concentrated 
mineral  acids,  free  chlorine— factors  which  are  immediately 
fatal  to  a living  cell. 

Thus  we  have  seen  that  the  artificial  synthesis  of  benzoic 
acid  and  glycocoll  to  hippuric  acid  could  only  be  induced  by 
heating  both  substances  in  a dry  condition,  in  a closed  tube, 
to  a temperature  of  160°  C.  This  implies  extreme  pressure, 
extreme  temperature,  and  absence  of  water.  The  very  reverse 
is  the  case  in  the  animal  body,  where  we  find  water  in  every 
tissue,  and  the  ordinary  atmospheric  pressure  and  temperature 
in  every  cell.  Even  coldblooded  animals  form  hippuric  acid. 
It  follows  that  the  animal  body  has  command  of  w'ays  and 
means  of  a totally  different  character,  by  which  the  same 
object  is  gained.  An  inquiry  into  these  would  be  of  extreme 
interest  to  the  chemist  and  to  the  physiologist ; the  former 
would  thus  obtain  new  methods  for  rising  to  still  more  com- 
plicated combinations,  and  the  physiologist  would  be  enabled 
to  explain  many  of  the  most  obscure  processes  in  metabolism. 

For  this  reason,  Schmiedeberg  and  I conjointly*  resolved 
to  3tudy  the  conditions  under  which  the  synthesis  of  hippuric 
acid  takes  place  in  the  animal  body. 

In  order  to  be  able  to  trace  benzoic  and  hippuric  acids 
through  the  tissues  of  the  animal  body,  we  required,  above  all, 
a precise  method  for  their  discovery  and  determination.  This 
we  succeeded  in  obtaining  after  many  experiments.  We  now 

* Bunge  and  Schmiedebcrg,  Arch.  f.  expcr.  rath.  u.  Pharm.,  vol.  vi.  p.  233 : 
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possess  a method  * which  enables  us  to  separate  these  acids 
from  all  other  elements  of  the  animal  body,  and  to  weigh 
them  in  a pure  crystalline  form,  without  any  appreciable  loss. 

We  had  next  to  determine  in  what  organs  and  in  what 
tissues  the  synthesis  takes  place.  We  naturally  thought  first 
of  the  liver.  It  is  known  that  here  another  acid,  conjugated 
with  gly cocoll  (glycocholic  acid),  is  formed ; besides,  synthetic 
processes  have  often  been  assigned  to  the  liver.  If  this  view 
is  correct,  the  removal  of  the  liver  must  cause  the  benzoic 
acid  introduced  into  the  blood  to  circulate  unaltered  in  it,  and 
to  pass  out  by  the  kidneys  unchanged. 

This  experiment  could  not  he  carried  out  in  mammals, 
because,  after  ligature  of  the  hepatic  vessels,  the  hulk  of  the 
blood  accumulates  in  the  portal  system,  and  the  circulation 
in  the  other  organs  is  almost  entirely  arrested.  Dogs  die 
from  thirty  to  fifty  minutes  after  this  operation.  It  may  be 
said  that  they  begin  to  die  as  soon  as  the  portal  vein  is  tied. 

We  therefore  instituted  our  experiments  in  frogs.  They 
hear  the  extirpation  of  the  liver  very  well,  surviving  the 
operation  for  three  or  four  days.  They  run  about  during  this 
time  with  almost  undiminished  vigour.  If  we  introduced 
benzoic  acid  into  the  dorsal  lymphatic  sac,  the  frogs  invariably 
formed  hippuric  acid,  which  was  more  copious  when,  in 
addition  to  benzoic  acid,  glycocoll  was  injected.  Unless 
benzoic  acid  was  injected,  no  trace  of  hippuric  acid  was  ever 
to  he  found  in  the  tissues  or  in  the  secretions  of  the  frog.  It 
follows  of  necessity  that  the  liver  is  not  the  locality,  at  all 
events  not  the  exclusive  locality,  for  the  formation  of  hippuric 
acid. 

We  then  thought  that  the  synthesis  might  possibly  occur 
in  the  kidney.  In  order  to  decide  this,  it  was  necessary  to 
have  recourse  to  warm-blooded  animals.  Dogs  survive  the 
ligature  of  the  vessels  of  both  kidneys  for  several  hours, 
and  the  circulation  in  their  other  organs  is  not  materially 
* The  method  is  described,  loc.  cit.,  pp.  23-t  -239. 
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affected.  We  injected  glycocoll  and  benzoic  acid  into  the 
blood  of  dogs  thus  operated  upon,  bled  them  to  death  after 
three  or  four  hours,  and  examined  the  blood  of  the  liver 
and  muscles  for  hippuric  acid  without  ever  finding  a trace  of 
it ; we  only  found  benzoic  acid.  It  therefore  appears  that 
all  the  other  organs  together  cannot,  without  the  kidneys, 
combine  glycocoll  and  benzoic  acid,  and  that  the  kidney  is 
the  locality  in  which  the  synthesis  is  performed. 

A sceptical  critic  will  not  be  satisfied  with  this  conclusion. 
There  is  still  room  for  objection.  The  ligature  of  the  kidneys 
may  be  regarded  as  so  violent  an  operation  as  to  produce 
direct  and  indirect  disturbances  of  all  kinds  in  all  parts  of  the 
organism.  We  must,  therefore,  admit  the  possibility  that 
disturbances  may  be  produced  in  tissues  with  which  we  are  as 
yet  unacquainted,  and  in  which  the  synthesis  is  effected. 

The  hope  remained  that  if  we  could  show  that  the  kidney, 
separated  from  other  organs,  was  able  to  produce  the  synthesis 
by  itself,  we  should  be  in  a position  to  prove  that  the  forma- 
tion of  hippuric  acid  took  place  in  that  organ.  This  hope 
was  realized.  We  bled  a dog  to  death,  removed  the  kidneys, 
added  glycocoll  and  benzoic  acid  to  the  defibrinated  blood, 
and  conveyed  it,  under  an  approximately  normal  pressure, 
through  the  artery,  and  allowed  it  to  flow  out  of  the  veins  of 
one  of  the  kidneys.  The  blood  that  passed  out  of  the  veins 
was  returned  to  the  reservoir,  from  which  it  re-entered  the 
artery;  and  this  process  was  continued  for  several  hours. 
Hippuric  acid  was  invariably  found  in  the  blood  after  its 
passage  through  the  kidney,  and  in  the  fluid  which,  during 
its  passage,  escaped  by  the  ureter.  But  in  the  other  kidney, 
and  in  a portion  of  the  blood  which  had  not  traversed  the 
kidney,  no  trace  of  hippuric  acid  could  at  any  time  be  dis- 
covered. It  follows  that  hippuric  acid  was  formed  in  the 
excised  kidney.* 

* Wilh.  Kochs  has  confirmed  these  results  by  a series  of  careful  experiments 
in  l'llUger’s  laboratory  (Plliiger’s  Arch.,  vol.  xx.  p.  G4 : 1879). 
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If  we  added  benzoic  acid  without  glycocoll  to  the  blood 
that  was  passed  through  the  kidney,  the  quantity  of  hippuric 
acid  formed  was  small ; but  it  was  considerable  when  glycocoll 
was  mixed  with  it.  As  a matter  of  fact,  the  two  ingredients 
had  entered  into  combination,  with  separation  of  water.  It 
was  indifferent  whether  we  raised  the  temperature  of  the 
kidney  and  the  blood  to  the  temperature  of  the  body,  or 
cooled  it  to  that  of  the  room.  In  either  case  the  synthesis 
was  effected.  It  was  remarkable  how  long  the  excised  kidney 
retained  the  faculty  of  generating  hippuric  acid.  In  one 
of  our  experiments  we  allowed  the  kidney  to  remain  for 
forty-eight  hours  in  an  ice-chest.  We  passed  the  blood  of 
another  dog  through  it,  which  had  been  obtained  twenty-four 
hours  previously  ; nevertheless  some  hippuric  acid  was  formed. 

We  now  inquired  whether  the  living  tissue  of  the  kidney  is 
essential  for  the  synthesis.  Does  the  result  depend  upon  the 
formed  elements  and  upon  a definite  histological  arrangement, 
or  is  this  function  of  the  kidney  only  due  to  its  containing 
certain  chemical  substances  ? In  the  latter  case,  it  might  be 
possible  to  isolate  these  substances,  and  then  to  effect  the 
synthesis  artificially. 

Accordingly,  we  destroyed  the  renal  tissue.  We  chopped 
up  the  kidney  and  pounded  it  into  a homogeneous  pulp.  To 
this  we  added  blood,  glycocoll,  and  benzoic  acid,  and  allowed 
the  mixture  to  stand,  shaking  it  at  frequent  intervals.  We 
varied  the  experiment,  applied  different  temperatures,  provided 
a copious  supply  of  oxygen,  but  we  never  succeeded  in  finding 
a trace  of  hippuric  acid. 

This  experiment  was  repeated  in  Pfhiger’s  laboratory  by 
Kochs.*  When  the  kidney  had  only  been  chopped  up,  Kochs 
discovered  minute  traces  of  hippuric  acid,  but  if  it  had  been 
not  only  chopped  up,  but  also  rubbed  up  “ in  a mortar  with 
large  pieces  of  glass  ” to  an  almost  homogeneous  mass,  not 
a trace  of  hippuric  acid  was  to  be  found ; nor  was  it  met  with 
* Wilhelm  Kochs,  loc.  cit.,  p.  70,  et  scq. 
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when  the  kidney,  before  being  chopped  up,  had  been  frozen 
at  — 20°  C.,  and  thawed  at  40°. 

These  experiments  appear  to  prove  that  the  synthesis  is 
due  to  the  living  cells  of  the  kidney,  and  not  to  one  of  its 
chemical  components. 

We  now  inquired  whether  the  blood-corpuscles  are  essential 
for  the  production  of  the  synthesis.  We  therefore  conducted 
serum  which  had  been  deprived  of  all  cells  by  the  centrifugal 
machine,  together  with  glycocoll  and  benzoic  acid,  through 
the  excised  kidney.  In  this  case  no  hippuric  acid  was 
formed.  It  follows  that  the  blood-corpuscles  also  take  an 
active  part  in  the  synthesis. 

We  now  proceeded  to  inquire  into  the  part  played  by 
the.  blood-cells  in  this  process,  and  to  determine  whether  they 
only  act  as  oxygen-carriers  ? 

In  order  to  decide  this  question,  Schmiedeberg  and  Arthur 
Hoffman  * conducted  blood  mixed  with  glycocoll  and  benzoic 
acid,  and  in  which  the  oxygen  had  been  replaced  by  carbonic 
oxide,  through  the  kidneys.  The  result  was  that  no  hippuric 
acid  was  formed.  The  blood-cells,  therefore,  also  act  as 
oxygen-carriers  in  the  synthetic  process,  but  whether  they 
have  only  this  function  remains  uncertain.  It  may  be  objected 
that  the  carbonic  oxide,  besides  driving  out  the  oxygen,  has 
a toxic  effect  on  the  renal  cells.  The  following  experiment 
of  Schmiedeberg  and  Hoffmann  goes  to  prove  that  certain 
poisons  do  deprive  the  cells  of  the  power  of  effecting  syntheses. 
They  conducted  blood,  to  which,  besides  glycocoll  and  benzoic 
acid,  quinine  had  been  added,  through  the  kidneys.  Only 
a very  small  quantity  of  hippuric  acid  was  subsequently 
found.  It  is  known,  from  the  investigations  of  C.  Binz,f  that 
quinine  arrests  the  amoeboid  movements  of  the  cells.  The 
same  influence  that  kills  the  cell  likewise  deprives  it  of  the 
capability  of  bringing  about  syntheses.  Here  again  we  are 

* Arthur  Hoffman,  Arch.  f.  exper.  Path.  u.  Pharm vol.  vii.  p.  239  : 1877. 

t C.  Binz,  Arch.  f.  milcr.  Anat.,  vol.  iii.  p.  383:  1867. 
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confronted  with  the  old  problem,  the  life  of  the  cell,  a term 
of  whose  meaning  no  one  has  any  conception. 

And  such  has  hitherto  been  the  case  in  every  physiological 
investigation.  The  more  closely  we  regard  any  problem  of 
life,  the  more  it  seems  to  recede  into  obscurity.  The  mystery 
is  still  unsolved  when  we  come  to  the  microscopic  cell, 
which  may  be  regarded  as  the  limit  of  histological  inquiry. 
The  most  simple  cell  has  all  the  essential  functions  of  life — 
nutrition,  growth,  propagation,  movement,  sensation;  it  has 
also  those  incomprehensible  qualities  which  bring  about 
synthesis  in  the  organism  ( vide  supra,  pp.  3-6,  8-11,  108, 
164,  174  ; and  infra  Lecture  XVII.). 

With  regard  to  the  locality  where  hippuric  acid  is  formed 
in  the  animal  body,  I would  add  that  its  exclusive  formation 
in  the  kidney  is  only  proven  in  the  case  of  the  dog. 
Schmiedeberg  and  I have  already  shown  that  frogs  form 
hippuric  acid  even  after  extirpation  of  the  kidney.  Salomon  * 
discovered  subsequently  that  certain  mammals  do  not  form 
hippuric  acid  exclusively  in  the  kidney.  Salomon,  after  giving 
benzoic  acid  to  rabbits  which  had  been  deprived  of  their 
kidneys,  found  abundant  hippuric  acid  in  their  blood,  muscles, 
and  liver. 

But,  as  already  mentioned,  a very  inconsiderable  portion 
of  the  nitrogen  in  human  beings  is  eliminated  as  hippuric 
acid.  The  bulk  of  it,  in  man  and  mammals,  appears  in  the 
urine  as  urea.  The  amount  of  urea  excreted  is  therefore 
regarded  as  a standard  of  the  consumption  of  proteid  in  the 
body.  The  greater  portion  of  nitrogen  is  introduced  in  the 
form  of  proteid.  Nearly  half  the  weight  of  urea  consists  of 
nitrogen.  The  100  grms.  of  proteid  daily  used  up  by  one 
person  contain  about  16  grms.  of  nitrogen,  to  which  34  grms. 
of  urea  correspond.  This  is  about  the  quantity  found  in  a 
man’s  urine  during  twenty-four  hours. 

The  constitution  of  urea  is  known.  Its  formation  from 
* Salomon,  Zeitschi’,  f.  physiol.  Chem.,  vol.  iii.  p.  365. 
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carboxyl  chloride  (COCl2)  and  ammonia,  as  well  as  from 
ethyl  carbonate  and  ammonia,  undoubtedly  shows  that  urea 
should  be  regarded  as  the  amide  of  carbonic  acid,  carbamide 
[CO(H»,)2].  On  heating  with  acids  or  alkalies  or  by  the 
action  of  ferments,  urea  passes  into  carbonate  of  ammonia, 
simultaneously  taking  up  two  molecules  of  water.  Urea  is  a 
neutral  compound,  capable  of  crystallization  and  very  readily 
soluble  in  water. 

How  does  urea  arise  from  proteid,  and  what  are  the  inter- 
mediate stages?  A recapitulation  of  our  previous  remarks 
on  the  changes  of  proteid  in  the  body  may  not  be  out  of  place 
here.  It  was  shown  that  proteid  was  converted  by  the  diges- 
tive ferments  into  peptones;  that  the  peptones  are  probably 
products  of  decomposition  ; and  that,  by  continued  action  of 
the  digestive  ferments,  or  of  other  ferments  of  decomposition, 
a part  of  the  nitrogen  is  split  off  in  the  form  of  amido-acids, 
as  amido-caproic  acid  or  leucin  [C6H10(NH2)COOH],  as  tyrosin, 

an  aromatic  amido-acid  ^C6H4|  )C00h3’  anc^  aS 

amido-succinic  acid,  or  aspartic  acid*  [C2H3(NH2)(COOH)2]. 
The  proteids  also  give  the  same  products  of  decomposition 
on  boiling  with  acids  or  with  alkalies.!  We  have,  moreover, 
seen  that  a portion  of  the  albumen  is  converted  in  the 
animal  body  into  collagenous  substances,  which,  under  the 
same  conditions  as  the  proteids,  produce  amido-acids,  and 
especially  leucin  and  glycocoll.! 

* Radziejewski  and  E.  Salkowski,  Bar.  d.  deutsch,  ehern.  Ges.,  vol.  vii.  p. 
1050:  1874;  W.  von  Knieriem,  Zeitschr.f.  Biolog.,  vol.  i.  p.  198:  1875. 

t Hlasiwetz  and  Habermann,  Ann.  d.  Chem.  u.  Pharm.,  vol.  clxix.  p.  150  : 
1873 ; E.  Schulze,  J.  Burbieri  und  E.  Bossard,  Zeitschr.  f.  physiol.  Chem.,  vol.  ix. 
p.  63 : 1884 ; E.  Schulze  und  E.  Bossard  in  same  journal,  vol.  x.  p.  134  : 18S5 ; 
M.  P.  Schützenberger,  Bull,  de  la  Societd  chim.,  vol.  xxiii.  pp.  161,  193,  216,  242, 
385,  433;  vol.  xxiv.  pp.  2,  145:  1875;  vol.  xxv.  p.  147:  1876;  Schützenberger 
et  A.  Bourgeois,  Compt.  rend.,  vol.  lxxxii.  p.  262  : 1876.  Compare  also  R.  Maly, 
Sitzungsber.  d.  h.  Alcacl.  d.  W.  in  Wien.,  Math.  nat.  Cl.,  vol.  xci.  part  ii.,  Feb. 
1885;  vol.  xcvii.  part  ii.,  March,  1888;  and  vol.  xeix.  part  ii.,  Jan.  1889. 

X Nencki,  “ Ueber  die  Zersetzung  der  Gelatine  und  des  Eiwcisses  bei  der 
Fäulniss  mit  Pankreas«”  Berlin,  1876. 
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These  facts  led  to  the  supposition  that  the  amido-acids 
were  the  precursors  of  urea.  Schultzen  and  Nencki  * proved 
its  correctness  by  the  following  experiments  : they  ad- 
ministered glycocoll  to  dogs,  and  found  that  these  compounds 
did  not  reappear  in  the  urine,  hut  that  there  was  a corre- 
sponding increase  of  urea.  Salkowski,f  on  repeating  these 
experiments,  fully  confirmed  these  results.  Knieriem  i showed, 
by  a similar  method  of  research,  that  aspartic  acid  is  also 
converted  into  urea. 

But  even  these  facts  tend  but  little  to  the  elucidation  of 
the  origin  of  urea.  It  is  only  the  smallest  part  of  urea  which 
can  he  formed  from  amido-acids.  This  is  seen  by  a glance 
at  the  empirical  formula  of  proteids.  We  have  shown  (p.  60) 
that  the  following  formulas  may  be  deduced  from  the  most 
reliable  analyses  of  the  purest  preparations  of  albumens. 

Egg  albumen CjoÄ^lS^OeeSa. 

Proteid  in  haemoglobin  from  horse  ...  C6SoH109sN210024iS2- 

Proteid  in  haemoglobin  from  dog  ...  C726HimN19402i4S3. 

Globulin  from  pumpkin  seeds  ...  €2901143^900^82. 

We  see  that  there  is  not  nearly  sufficient  carbon  in  the 
proteid  to  permit  of  all  the  nitrogen  issuing  as  an  amido-acid. 
In  the  various  kinds  of  proteid,  from  three  to  four  atoms  of 
carbon  go  to  one  atom  of  nitrogen ; in  aspartic  acid,  four 
atoms  of  carbon  to  one  of  nitrogen ; in  leucin,  six ; and  in 
tyrosin,  as  many  as  nine.  Glycocoll,  indeed,  contains  only  two 
atoms  of  carbon  to  one  of  nitrogen.  But  it  is  questionable 
whether  it  is  this  amido-acid  which  is  formed  in  especially 
large  quantity  from  the  proteid  in  the  animal  body.  As 
stated,  it  cannot  be  obtained  from  the  proteid  outside  the 
organism,  but  only  if  the  proteid  has  been  previously  changed, 
by  the  vital  process  in  the  animal,  into  a collagenous  sub- 
stance ; and  it  is  only  the  smallest  portion  of  the  albumen 

* Schnitzen  and  Nencki,  Zeitschr.  f.  Biolog.,  vol.  viii.  p.  124 : 1872. 

t E.  Sulkowski,  Zeitschr.  f.  physiol.  Cliem.,  vol.  iv.  p.  100:  1870. 

J W.  vun  Kuieriem,  Zeitschr.  f.  Biolog.,  vol.  x.  p.  279  : 1874. 
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of  nutrition  which  undergoes  this  conversion.  It  must  also 
he  taken  into  consideration  that  the  proteid  in  the  animal 
body  also  yields  products  of  decomposition  free  from  nitrogen, 
and  very  rich  in  carbon.  What  follows  will  make  it  apparent 
that  fat  and  glycogen  can  he  formed  in  the  animal  body  from 
proteid.  We  are  thus  obliged  to  conclude  that  the  largest 
portion  of  the  nitrogen  is  split  off  from  the  proteid  molecule 
as  a compound  containing  very  little  carbon. 

It  is  possible  that  a part  of  the  urea  in  the  animal  body  is 
separated  directly  from  the  proteid  as  a neutral  compound. 
But  it  is  also  possible  that  ammonia  and  carbonic  acid  split 
off  from  the  proteid,  subsequently  combining,  with  elimination 
of  water,  to  form  urea.  This  would  he  a process  completely 
analogous  to  that  involved  in  the  formation  of  hippuric 
acid.  As  monobasic  benzoic  acid  unites  with  a molecule  of 
a substituted  ammonia  (glycocoll),  losing  one  molecule  of 
water,  to  form  hippuric  acid,  so  dibasic  carbonic  acid  unites 
with  two  molecules  of  ammonia,  losing  two  molecules  of 
water,  to  form  urea  : 

/OH  /NH2 

C = 0 + 2NH,  - 2HoO  = C = 0 
\OH  \NH3 

The  conversion  of  the  amido-acids  into  urea  may  be  thus 
represented : they  are  first  split  up  and  oxidized  into  car- 
bonic acid  and  ammonia,  and  in  this  state  yield  the  elements 
necessary  to  form  urea.  In  any  case,  we  have  to  deal  with 
another  synthetic  process,  for  the  leucin  and  glycocoll  contain 
but  one  atom  of  nitrogen  in  the  molecule,  whereas  urea  has 
two. 

The  supposition  that  carbonate  of  ammonia  was  the 
antecedent  of  urea  was  based  upon  the  following  observations 
of  Buchheim  and  his  pupil  Lohrer.*  The  latter  took  3 grms. 
of  ammonia  in  the  form  of  citrate,  expecting  that  it  would 

* Julius  Lohrer,  “Ueber  den  Uebergang  der  Ammoniaksalze  in  den  Harn,” 
Inaug.  Dissert. : Dorpat,  1862,  pp.  36,  37. 
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behave  in  the  body  like  citrate  of  potash  or  soda,  which 
are  known  to  pass  into  the  urine  as  carbonates  of  potash  or 
soda,  and  to  render  the  urine  alkaline.  But  this  did  not 
happen.  The  urine  remained  acid.  The  carbonate  of  am- 
monia formed  must,  therefore,  have  been  converted  into  a 
neutral  compound.  It  was  readily  assumed  that  urea  had 
been  formed. 

In  order  to  decide  the  question  whether  ammonia  is  con- 
verted in  the  animal  body  into  urea,  careful  experiments  on 
the  metabolic  changes  were  made  by  Knieriem  * on  dogs 
and  on  human  beings,  and  by  Salkowski  | on  dogs  and  on 
rabbits.  The  experiments  made  on  rabbits  gave  results  which 
were  quite  unambiguous  : after  the  administration  of  chloride 
of  ammonia,  the  excretion  of  ammonia  was  scarcely  in- 
creased at  all,  whereas  that  of  urea  was  increased.  The 
experiments  on  human  beings  and  on  dogs  did  not  show  so 
unequivocal  a result.  Part  of  the  ammonia  appeared  un- 
altered in  the  urine,  and  it  remained  doubtful  whether  the 
extra  excretion  of  urea  was  to  be  ascribed  to  the  ammonia  ad- 
ministered, or  to  an  indirect  increase  of  proteid-decomposition 
produced  by  the  ammonia.  This  difference  in  its  action  in 
rabbits  compared  with  human  beings  and  dogs  may  be 
explained  as  follows.  The  hydrochloric  acid  of  the  chloride 
of  ammonia  introduced,  by  its  strong  affinity  for  ammonia, 
prevents  the  union  of  the  latter  with  the  carbonic  acid  to  form 
urea.  Now,  in  the  organism  of  herbivora  this  hindrance  is 
overcome,  because  the  vegetable  food  yields  an  alkaline  ash  ; 
carbonate  of  potash  is  also  formed  in  the  organism  by  com- 
bustion ; this,  together  with  the  chloride  of  ammonia,  is 
converted  into  chloride  of  potash  and  carbonate  of  ammonia, 
which  latter  is  changed  into  urea.  The  mixed  diet  of 
human  beings  and  of  dogs  in  Knieriem’s  and  Salkowski’s 
experiments  would  necessarily  give  a feebly  acid  ash ; the 

* Von  Knieriem,  Zeitsclir.  f.  Biolog.,  vol.  x.  p.  263:  1874. 

t E.  Salkowski,  Zeitschr.  f.  physiol.  Chem.,  vol.  i.  p.  1:  1877. 
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conversion  of  the  ammonia  into  urea  was,  therefore,  not  so 
complete.  Feder,* * * §  who  experimented  with  chloride  of  am- 
monia upon  fasting  dogs,  recovered  all  the  ammonia  from 
the  urine.  For  the  fasting  dog  is  nourished  by  some  of  the 
proteid  of  its  tissues,  and  a great  deal  of  sulphuric  acid  is  set 
free.  This  prevents  the  ammonia  from  uniting  with  the  car- 
bonic acid.  Fr.  Walter  f and  Coranda  | showed  the  excretion 
of  ammonia  to  be  considerably  augmented  in  dogs  and  in  man 
after  the  administration  of  hydrochloric  acid.  The  latter 
impedes  the  normal  formation  of  urea.  The  administration 
of  carbonate  of  soda  diminishes  the  normal  excretion  of 
ammonia. § For  this  reason  the  experiments  on  the  forma- 
tion of  urea  were  repeated  in  Schmiedeberg’s  laboratory , ||  but 
the  ammonia  was  not  administered  in  combination  with  strong 
mineral  acids,  but  simply  as  carbonate.  The  dog  swallowed 
the  carbonate  of  ammonia,  wrapped  in  meat,  readily  enough  ; 
in  this  manner  3 grms.  NH3  were  administered  to  the  animal 
on  two  successive  afternoons.  The  excretion  of  ammonia  in 
the  urine  was  not  found  to  be  augmented,  but  there  was  an 
increase  of  urea,  and  the  urine  remained  acid.  Thus  there  can 
be  no  doubt  that  carbonate  of  ammonia  is  converted  into  urea. 

Hoppe-Seyler  U and  Salkowski  **  have  arrived  at  other 
views  concerning  the  origin  of  urea.  They  regard  cyanic 
acid  as  the  immediate  precursor  of  urea,  and  Drechsel  ft  con- 


* Feder,  Zeitschr.  f.  Biolog.,  vol.  xiii.  p.  256:  1877. 

t Fr.  Walter,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  vii.  p.  148  : 1877. 

+ Coranda,  ibid.,  vol.  xii.  p.  76 : 1880. 

§ Munk,  Zeitschr.  f.  physiol,  chem.,  vol.  ii.  p.  29 : 1878 ; E.  Hallervorden 
Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  x.  p.  124  : 1879. 

||  Hallervorden,  loc.  cit.,  whose  results  have  beon  confirmed  by  Feder  and 
Yoit,  Zeitschr.  f.  Biolog.,  vol.  xvi.  p.  177  : 1880. 

Hoppe-Seyler,  Ber.  d.  deutsch,  chem.  Ges.,  vol.  vii.  p.  34:  1874;  and 
"Physiologische  Chemie,”  pp.  809,  810:  Berlin,  1881. 

**  E.  Salkowski,  Centralb.  f.  d.  med.  Wissensch.,  p.  913 : 1875 ; Zeitschr.  f 
physiol.  Chem.,  vol.  i.  pp.  26-42  : 1877.  Compare  also  Schmiedeberg’s  objections 
in  the  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  viii.  p.  4,  et  seq. : 1878 ; and  Schroder’s, 
ibid.,  vol.  xv.  pp.  399,  400  : 1882. 

tt  E.  Drechsel,  Her.  d.  s'dchs.  Ges.  d.  Wissensch.,  p.  171 : 1875;  Journ.  f.  prakt. 
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siders  that  urea  arises  from  carbamate  of  ammonia.  This 
last  opinion  is  not  at  variance  with  the  idea  that  urea 
originates  in  carbonate  of  ammonia.  For  carbamate  of 

/ /NH2  v 

ammonia  l C = 0 ) stands  midway  between  carbonate 

V \0(NH4)/ 

/ /0(NH4)x  / /nha 

of  ammonia  ( C=0  ) and  urea  ( C = 0 ).  By 

V ^0(NH4)/  V \nh2/ 

eliminating  one  molecule  of  water,  carbonate  of  ammonia 
yields  carbamate  of  ammonia ; by  elimination  of  a second 
molecule,  urea.  As  it  would  lead  me  too  far  to  enter  into 
these  theories  at  greater  detail,  I refer  the  reader  to  the 
interesting  original  works  that  deal  with  the  matter. 

The  most  complete  and  reliable  researches  as  to  the 
locality  in  which  urea  is  generated  have  been  made  by 
W.  von  Schröder.*  He  extirpated  both  kidneys  in  a dog, 
and  took  a little  blood  from  the  carotid  immediately  after 
the  operation.  The  dog  was  bled  to  death  twenty-seven  hours 
afterwards.  The  quantity  of  urea  in  each  sample  of  blood 
was  determined.!  In  the  first  case  it  amounted  to  0-5  per 
thousand;  in  the  second,  to  2 per  thousand.  The  urea  in  the 
blood  is,  therefore,  increased  fourfold  by  the  extirpation  of  the 
kidneys,  and  it  follows  that  the  kidneys  cannot  be  the  only 
place  where  urea  is  formed.! 

Cliem.  N.  F.,  vol.  xii.  p.  417:  1875;  vol.  xvi.  pp.  169,  180:  1877;  vol.  xxii.  p. 
476  : 1880.  Compare  also  the  objections  raised  by  Franz  Hofmeister,  Pflüger’s 
Arch.,  vol.  xii.  p.  337  : 1876. 

* W.  von  Schröder,  Arch.  f.  exper.  Path.u.  Pharm.,  vol.  xv.  p.  364  : 1882  ; and 
vol.  xix.  p.  373  : 1885. 

f What  renders  Schroder’s  researches  so  valuable,  and  raises  them  far  above 
those  of  his  predecessors,  is  the  admirable  care  with  which  the  methods  of  deter- 
mining the  urea  were  controlled  and  carried  out.  In  the  decisive  experiments 
the  urea  was  weighed  in  pure  crystals,  which  were  subsequently  analyzed  to  test 
their  purity.  The  method  is  described  loc.  cit.,  pp.  367-377. 

t The  results  of  previous  work  are  in  harmony  with  this,  especially  those  of 
Prdvost  and  Dumas  in  the  Ann.  de  chim.  et  de  physt.,  vol.  xxiii.  p.  90 : 1823.  An 
account  of  the  earlier  literature  is  given  by  Voit,  Zeitsclir.  f.  Biolog.,  vol.  iv.  p. 
116,  et  seq.:  1S6S;  and  by  Schröder,  loc.  cit.,  pp.  364,  365. 
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But  tlie  possibility  still  remained  that  urea  was  formed  in 
the  kidney  as  well.  Schröder  therefore  conducted  blood,  to 
which  carbonate  of  ammonia  had  been  added,  through  the 
kidneys  that  had  been  excised.  The  amount  of  urea  in  the 
blood  remained  the  same,  both  before  and  after  it  had  been 
passed  through  the  kidneys.  As  the  formation  of  urea  from 
carbonate  of  ammonia  is  a process  entirely  analogous  to  that 
of  the  formation  of  hippuric  acid  from  glycocoll  and  benzoic 
acid,  and  as  the  excised  kidney  still  brings  about  the  latter 
synthesis,  this  experiment  renders  it  extremely  probable  that 
carbonate  of  ammonia  does  not,  in  normal  conditions,  undergo 
conversion  into  urea  in  the  kidneys. 

Urea  is,  therefore,  not  formed  in  the  kidneys,  but  merely 
excreted  by  them.  But  where  is  it  formed  ? As  the  muscles 
constitute  40  per  cent,  of  the  whole  weight  of  the  body,  it  was 
natural  to  think  of  them  first.  The  combination,  which 
forms  the  bulk  of  the  nitrogenous  end-products,  might  arise 
in  the  muscles.  Schroder  therefore  conducted  blood  impreg- 
nated with  carbonate  of  ammonia  through  the  hind-quarters 
of  a dog  which  had  been  bled  to  death.  The  blood  was 
introduced  into  the  abdominal  aorta,  below  the  renal  arteries, 
and  flowed  out  of  the  vena  cava  inferior.  In  one  of  the 
experiments,  1100  c.cms.  of  blood  (40  litres)  was  allowed 
to  pass  through  in  four  hours  and  three-quarters.  During 
the  first  four  hours  the  limbs  moved  spontaneously,  obviously 
from  the  stimulation  to  the  spinal  cord ; its  irritability  con- 
tinued to  the  end  of  the  experiment.  If  one  electrode  was 
inserted  into  the  spinal  cord  and  the  other  applied  to  the  leg, 
tetanus  ensued.  A part  of  the  spinal  cord  evidently  preserved 
its  vitality,  for  stimulation  of  one  leg  produced  contraction  of 
the  other.  But  the  amount  of  urea  in  the  blood  was  exactly 
the  same  before  and  after  the  passage  of  the  blood.  The 
conclusion,  therefore,  is  that  no  urea  is  formed  from  carbonate 
of  ammonia  in  the  muscles  and  tissues  of  the  body ; unless, 
indeed,  the  objection  were  raised  that  the  extremities  which 
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showed  so  remarkable  a retention  of  many  properties  of 
vitality  should  not  he  regarded  as  being  under  normal  con- 
ditions. 

The  liver  was  the  next  organ  to  he  thought  of.  It  was 
to  be  expected  that  large  quantities  of  urea  could  only  be 
formed  in  a large  organ.  There  are  various  reasons  for 
believing  that  extensive  processes  of  tissue-change  go  on  in 
the  liver,  the  largest  of  the  glands.  Schröder,  therefore, 
conducted  blood  containing  carbonate  or  formate  of  ammonia 
through  the  liver.  The  organ  was  removed  from  a small 
dog,  whose  blood  was  mixed  with  that  of  a large  dog.  The 
blood  was  introduced  into  the  portal  vein,  and  flowed  out  of 
the  vena  cava  above  the  diaphragm.  The  hepatic  artery 
was  closed.  After  the  blood  had  been  allowed  to  pass  for  from 
four  to  five  hours,  the  urea  was  found  to  amount  to  between 
double  and  treble  the  previous  quantity.  If  blood  was  con- 
ducted through  the  liver  without  any  carbonate  of  ammonia, 
the  amount  of  urea  increased  hut  little,  and  then  only  in  those 
experiments  in  which  the  liver  and  the  blood  were  taken 
from  dogs  while  digestion  was  going  on.  If  the  blood  and 
liver  were  removed  from  fasting  dogs,  and  carbonate  of 
ammonia  was  not  mixed  with  the  blood,  no  urea  was  formed ; 
but  this  occurred  directly  carbonate  of  ammonia  was  added. 

These  results  of  Schroder’s  have  been  confirmed  by 
Salomon,*  who  made  his  experiments  on  herbivora  (sheep) 
as  well  as  on  dogs. 

The  synthesis  of  carbonate  of  ammonia  into  urea,  therefore, 
takes  place  in  the  liver. 

Even  this  knowledge,  however,  does  not  advance  our 
acquaintance  with  the  precursors  of  urea.  The  antecedents 
of  the  small  amount  of  urea  obtained  by  passing  through  the 
liver  blood  which  had  been  taken  from  dogs  during  digestion, 
are  still  unknown.  In  all  the  other  experiments,  the  ante- 
cedent (carbonate  of  ammonia)  was  artificially  introduced. 

, * W.  Salomon,  Virchow’s  Arcli.,  vol.  xcvii.  p.  149  : 1884. 
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What  justification  is  there  for  the  conclusion  that  carbonate 
of  ammonia  is  also  normally  the  precursor  of  urea  ? 

Schröder  based  his  views  on  this  subject  upon  pathological 
facts.  If  normally  urea  really  arises  in  the  liver  from 
carbonate  of  ammonia,  we  should  expect  that  in  diseases  of 
the  liver  the  formation  of  urea  would  be  arrested,  and  that 
a portion  of  the  precursors  would  pass  unchanged  into  the 
urine.  We  should  especially  anticipate  this  in  cirrhosis  of 
the  liver,  when  the  specific  hepatic  cells  are  pressed  upon  by 
the  encroaching  connective  tissue,  become  atrophied,  and  in 
great  part  disappear. 

The  above  assumption  has  been  confirmed  by  observation. 
Investigators  have  found  that  in  interstitial  hepatitis,  the 
elimination  of  ammonia  is  increased  both  absolutely  and 
relatively  in  proportion  to  the  excretion  of  urea.*  Healthy 
people  eliminate  from  0*4  to  0-9  grm.  of  ammonia  in  twenty- 
four  hours,  and  in  cases  of  cirrhosis  it  rises  to  2'5  grms. 
(vide  seq.,  pp.  344,  345). 

It  is  thus  rendered  probable  that  part  of  the  urea  does 
arise  normally  from  carbonate  of  ammonia,  but  the  actual 
quantity  is  not  yet  known.  It  is  possible  that  the  bulk  of 
the  urea  takes  its  origin  from  another  source. 

In  our  previous  remarks  on  the  precursors  of  urea,  no 
notice  has  been  taken  of  a proteid  product  of  decomposition 
which  is  very  rich  in  nitrogen,  i.e.  creatin.  And  yet  creatin 
is  important,  as  no  other  nitrogenous  end-product  of  meta- 
bolism occurs  in  so  large  a quantity  in  the  body.  Only  very 
small  quantities  of  urea  (of  which  from  30  to  40  grms.  pass 
daily  into  the  urine)  are  at  all  times  found  in  the  body.  The 
total  blood  contains  at  most  2 grms.,  and  it  could  not  be 
detected  in  muscle.  Whereas  creatin,  of  which  only  from 
0*5  to  2'5  grms.  per  diem  pass  as  such,  or  as  creatinin, 
into  the  urine,  is  found  in  the  muscles  alone,  to  the  extent  of 

* Hallervorden,  Arch.  f.  expcr.  Path.  u.  Pharm.,  vol.  xii.  p.  237:  1880; 
Stadelmann,  Deutsch.  Arch.f.  lclin.  Med.,  vol.  xxxiii.  p.  526 : 1883. 
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about  90  grms.  This  fact  renders  it  probable  that  creatin 
is  converted  into  urea,  and  thus  passes  into  the  urine.  This 
view  has  been  held  by  many  physiologists,  but  the  following 
observation  seemed  opposed  to  it.  It  was  found  that  crea- 
tin, introduced  into  an  animal,  reappears  in  the  urine  either 
unaltered  or,  consequent  upon  the  loss  of  one  molecule  of 
water,  as  creatinin.*  Hence  it  was  inferred  that  creatin 
could  not  be  one  of  the  antecedents  of  urea.  But  this 
inference  is  incorrect ; because  the  creatin  introduced  into 
the  stomach  or  direct  into  the  blood  remains  unaltered,  it 
does  not  follow  that  the  creatin  formed  in  the  muscles 
behaves  in  the  same  way.  It  is  quite  impossible  for  us 
artificially  to  introduce  substances  to  the  part  where  they 
would  be  decomposed  in  health.  The  muscular  fibres  with- 
draw from  the  blood  nutritive  substances  only,  and  throw  off 
the  end-products  in  an  opposite  direction.  It  is,  therefore,  even 
ä priori  unlikely  that  creatin,  when  artificially  introduced, 
would  enter  the  muscle  and  be  decomposed.  It  must  be 
noted  that  it  is  not  only  possible,  but  probable,  that  the  large 
amount  of  creatin  formed  in  muscle  becomes  further  split 
up  and,  when  converted  into  urea,  given  off  to  the  blood. 
It  is  true  that  urea  cannot  be  detected  in  muscle.  Liebig,  in 
his  celebrated  work  on  meat,  says,  “ I think  that  I should  be 
able  to  detect  urea  in  meat-juice,  if  only  one-millionth  were 
present.”  f But  it  does  not,  therefore,  follow  that  urea  is  not 
formed  there.  It  is  quite  possible  that  it  is  formed  in  the 
muscle,  but  that  it  is  immediately  carried  off  into  the  blood- 
current. 

I have  already  given  the  reasons  for  my  view  that  the 
combination  into  which  the  bulk  of  the  nitrogen  in  the 
proteid  molecule  splits  up,  is  very  poor  in  carbon.  Creatin 


* G.  Meissner,  Zeitschr.  f.  rat.  Med.,  vol.  xxiv.  p.  100  : 1S65  ; vol.  xxvi.  p.  225  : 
1866;  vol.  xxxi.  p.  283:  1868;  C.  Voit,  Zeitschr.  f.  Biolog.,  vol.  iv.  p.  Ill  : 
1868. 

t Liebig,  Ann.  d.  Chem.  u.  Pharm.,  vol.  Ixii.  p.  368 : 1S47. 
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answers  to  this  description ; it  contains  only  four  atoms  of 
carbon  to  three  of  nitrogen. 

The  composition  of  creatin  has  been  thoroughly  known 
since  Volhard  and  Strecker  succeeded  in  producing  it  syn- 
thetically. Volhard  * heated  an  alkaline  solution  of  sarcosin 
(methylglycocoll)  and  cyanamide  to  100°  C.  for  a few  hours 
in  a closed  vessel.  On  cooling,  creatin  crystallized  out. 
Strecker  went  still  more  simply  to  work.  If  he  allowed  a 
saturated  watery  solution  of  sarcosin,  with  the  requisite 
amount  of  cyanamide  and  a few  drops  of  ammonia,  to  stand 
in  the  cold,  a large  quantity  of  creatin  was  obtained.! 

The  constitution  of  creatin  may  be  more  readily  under- 
stood from  a comparison  of  the  composition  of  guanidin, 
which  is  quite  analogous  to  creatin  both  in  synthesis  and  in 
decomposition.  Creatin  is  a substituted  guanidin. 


/NH2  /H  ^NH2 
C = N + N — H = C = NlT 

\NHp 

Cyanamide.  Guanidin. 


/NH2  /CH3 
C = N + N-H 
Cyanamide.  '\CH2  — COOH 
Sarcosin. 


/NH2 

= C = NH 

\/CHs 

\CH2  - COOH 
Creatin. 


The  analysis  corresponds  to  the  synthesis.  On  boiling 
with  baryta  water,  the  guanidin  again  splits  into  ammonia 
and  cyanamide.  But  the  cyanamide  takes  up  one  molecule 
of  water  and  passes  into  urea.  In  the  same  way  creatin 
breaks  up  into  urea  and  sarcosin,  a substituted  ammonia. 
The  close  affinity  of  creatin  to  urea,  and  the  possibility  of  its 
conversion  into  the  latter,  is  thus  amply  proved. 

Creatin  is  a neutral  compound.  By  elimination  of  one 


* Volhard,  Sitzunsgber.  d.  Münch.  Alcad.,  vol.  ii.  p.  472  : 1868  ; or  Zeitschr.  f. 
Chem.,  p.  318  : 1869. 

t Strecker,  Jahresber.  über  Forlschr.  d.  Chem.,  note  to  p.  686:  1868.  Vide 
also  Horbaczewski,  Wien.  med.  Jahrb.,  p.  459  : 1885. 
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molecule  of  water,  it  passes  into  a strong  base — creatinin. 
This  conversion  is  readily  effected  in  an  acid  solution ; 
creatin  is  as  readily  reformed  by  an  alkaline  solution.  In 
conformity  with  this,  the  small  amount  of  creatin  daily 
excreted  through  the  kidneys  occurs  chiefly  as  creatinin  in 
acid  urine,  and  as  creatin  in  alkaline  urine.* 

Uric  acid  is  the  only  nitrogenous  end-product,  which 
leaves  the  body  in  any  quantity,  that  remains  for  our  dis- 
cussion. 

The  amount  of  uric  acid  excreted  in  twenty-four  hours 
varies  greatly  in  the  case  of  human  beings.  It  depends  upon 
the  nature  of  the  food.  With  a purely  vegetable  diet  it 
amounts  from  02  to  0*7  grm.,  and  with  a full  meat  diet 
it  rises  to  2 grms.  and  more.  These  differences  cannot  be 
explained  merely  by  the  varying  amount  of  proteid  in  the 
food,  for  the  proportion  of  uric  acid  to  urea  and  to  the  total 
amount  of  nitrogen  varies  greatly.  For  instance,  I found 
that  the  proportion  of  urea  to  uric  acid  in  twenty-four  hours 
in  the  urine  of  a healthy  young  man,  when  eating  nothing 
but  bread,  = = 82;  and  when  living  on  meat,  = if  = 48. 

Uric  acid  is  sometimes  entirely  absent  from  the  urine  of 
carnivorous  animals,  such  as  cats  and  dogs,  and  only  a trace 
is  generally  found  in  the  urine  of  herbivora.  The  bulk  of  the 
nitrogen,  however,  appears  in  this  form  in  the  urine  of  birds 
and  reptiles. 

Uric  acid  has  the  composition  C5H4N4O3.  One  of  the  four 
hydrogen  atoms  is  easily  replaced  by  metals.  If  the  uric  acid 
be  dissolved  in  a solution  of  sodium  carbonate,  the  com- 
bination C5H3NaN403  is  obtained.  This  combination  is  termed 
an  acid  urate.  On  dissolving  in  free  alkalies,  a second 
hydrogen  atom  is  replaced  by  the  alkaline  metal.  This 
combination  is  called  a neutral  urate.  It  is  not  known 
whether  it  occurs  in  the  animal  body. 

Uric  acid  and  all  its  “ acid  salts  ” are  with  difficulty 
* Voit,  Zeitschr.f.  Biolog.,  vol.  iv.  p.  115  : 1868. 
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soluble  in  water.  It  is  important,  from  a physiological  and 
pathological  point  of  view,  to  be  accurately  acquainted  with 
the  various  degrees  of  solubility.  It  is  well  known  that  in 
disease,  uric  acid  and  urates  may  be  eliminated  from  the 
fluids  of  the  body,  and  become  stored  up  in  the  joints  and 
other  organs  and  tissues,  or  that  they  may  be  excreted  from 
the  urine  in  the  tubules  and  pelvis  of  the  kidney  and  in  the 
bladder.  The  painful  symptoms  of  what  are  known  as  the 
uric  acid  diathesis  and  gout  are  due  to  this.  It  is,  therefore, 
highly  interesting  to  know  under  what  conditions  uric  acid  is 
soluble,  and  under  what  circumstances  it  is  precipitated. 

A gramme  of  free  uric  acid  requires  for  its  solution,  at  the 
temperature  of  the  room,  about  14  litres  of  water ; at  boiling 
heat,  nearly  2 litres  ; and  at  the  temperature  of  the  body,  from 
7 to  8 litres.*  The  acid  sodium  urate  dissolves  in  1100  parts 
of  cold  and  124  of  boiling  water.  Ammonia  salt  and  the  salts 
of  the  alkaline  earths  are  much  less  soluble. 

Sometimes  as  much  as  2 grms.  of  uric  acid  are  entirely 
dissolved  in  the  normal  urine,  the  volume  of  which  in  twenty- 
four  hours  ordinarily  amounts  to  from  1500  to  2000  c.cms.  It 
cannot  be  dissolved  as  a free  acid,  for,  as  we  have  just  seen, 
2 grms.  of  free  uric  acid  require  15  litres  of  water  at  the  tem- 
perature of  the  body,  or  ten  times  more  than  actually  suffices 
for  its  solution.  We  must,  therefore,  assume  that  the  uric 
acid  is  dissolved  as  an  alkaline  salt.  But  this  is  opposed  to 
the  following  fact : if  clear  acid  urine  be  allowed  to  cool  to 
the  temperature  of  the  room,  the  greater  part  of  the  uric 
acid  usually  separates  out  as  a free  acid  in  large  and  beautiful 
crystals,  which  are  coloured  brown  by  the  colouring  matter 
brought  down  with  it.  The  weight  of  the  crystals  obtained 
from  the  normal  urine  of  twenty-four  hours  may  amount  to 
as  much  as  1 grm.  How  is  this  to  he  explained  ? If  2 litres 

* As  no  account,  so  far  as  I know,  has  evor  been  given  of  the  solubility  of 
uric  acid  at  the  temperature  of  the  body,  I have  made  two  determinations,  vary- 
ing between  35°  and  40°  C. : 1 grm.  of  uric  acid  required  7680  c.cms.  of  water  in 
the  first  experiment,  in  the  second  7320  c.cms.,  for  solution. 
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of  uric  acid  solution,  saturated  at  the  temperature  of  the 
body,  he  allowed  to  cool,  only  about  1 decigrm.  of  uric  acid 
appears ; how,  then,  can  it  reach  ten  times  that  amount  ? 

The  explanation  is  as  follows.  If,  at  the  temperature  of 
the  body,  a saturated  solution  of  acid  urate  of  soda,  with  a 
neutral  reaction,  he  mixed  with  a solution  of  acid  phosphate 
of  soda  (NaH2P04),  with  an  acid  reaction,  the  mixture  will 
prove  acid.  But  if  it  be  left  to  cool  at  the  temperature  of 
the  room,  the  reaction  becomes  alkaline,  and  free  uric  acid 
crystallizes  out.  The  mass-influence  of  the  uric  acid  is 
diminished  by  cooling,  because  fewer  of  its  molecules  are  dis- 
solved in  the  unit  of  space.  The  mass-influence  of  the  phos- 
phoric acid  becomes  relatively  stronger.  This  acid,  therefore, 
takes  possession  of  the  sodium  of  the  uric  acid,  and  passes 
into  the  alkaline  salt  Na2HP04.  If  the  solution  he  heated 
afresh,  the  uric  acid  crystals  redissolve,  and  the  solution  now 
yields  an  acid  reaction.  The  uric  acid  in  acid  urine,  which  is 
always  rich  in  phosphates  of  the  alkalies,  behaves  in  exactly 
the  same  way.  It  can  he  proved  that,  on  cooling  the  acid 
urine,  the  acidity  decreases  in  proportion  as  the  uric  acid 
crystallizes  out.  When  raised  to  the  temperature  of  the 
body,  the  crystals  redissolve.* 

The  phosphates  of  the  alkalies  thus  play  the  same  part  in 
the  solution  of  the  uric  acid  that  they  do  in  the  absorption  of 
the  carbonic  acid  in  the  blood  and  in  the  tissues  (pp.  287,  288). 

It  is  doubtful  whether  the  solution  and  elimination  of  the 
uric  acid  is  to  he  thus  explained  in  all  cases.  The  acidity  of 
the  urine  is  occasionally  found  to  he  increased  after  the 
elimination  of  uric  acid.f  It  is  possible  that  acids  split  off 
from  neutral  combinations  by  fermentation,  or  that  dibasic 
arise  from  monobasic  acids  by  decomposition.  This  process 
may  at  times  be  even  completed  within  the  urinary  passages, 

* Vide  Yoit  and  Hofmann,  “ Ueber  das  Zustandekommen  der  Harnsäuresedi- 
mente,” Sitzungsber.  d.  bayr.  Äkad.,  vol.  xi.  p.  279 : 1867.  I have  confirmed  Voit 
and  Hofmann’s  account  by  numerous  experiments. 

t Bartels,  Deutsch.  Arch.f.  lclin,  Med.,  vol.  i.  p.  2i:  1866. 
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the  consequence  being  that  uric  acid  is  precipitated.  We  are 
as  yet  far  from  having  obtained  a satisfactory  explanation  of 
the  manner  in  which  the  solution  of  uric  acid  is  effected. 

If  the  urine  be  only  feebly  acid  or  alkaline,  as  it  is  fre- 
quently with  a vegetable  or  mixed  diet,  no  free  uric  acid  will 
be  deposited  on  cooling ; hut  if  the  urine  be  concentrated,  acid 
urate  of  soda  will  be  precipitated.  This  appears  in  exceed- 
ingly fine  round  granules,  which,  like  the  free  uric  a,cid,  are 
brown  or  red-brown,  owing  to  the  colouring  matter  brought 
down  with  them ; this  is  found  at  the  bottom  of  the  vessel, 
and  constitutes  what  is  known  as  lateritious  sediment. 

The  uric  acid  sediment  was  formerly  employed  as  a guide 
in  diagnosing  disease,  but  was  very  misleading.  For  instance, 
it  was  incorrectly  assumed  that  an  increase  of  sediment 
meant  an  increase  of  uric  acid  secretion.  We  have  seen  that 
the  elimination  of  uric  acid  depends  not  only  on  its  absolute 
amount,  hut  also  on  the  concentration  and  acidity  of  the 
urine.*  But  it  appears  to  depend  on  other  conditions  as  well. 
It  is  often  found  that  urines  which  deposit  crystalline  uric 
acid  are  neither  richer  in  uric  acid  nor  more  concentrated ; 
nor  do  they  contain  more  free  acid  than  others  which  remain 
clear  or  deposit  urates,  t 

It  is  conceivable  that  uric  acid  circulates  in  the  fluids  of 
the  body  as  a readily  soluble  compound  with  an  organic 
substance,  which  appears  in  the  urine,  and  is  then  split  up 
by  a fermentative  process.  If  this  happens  in  the  organs  or 
within  the  urinary  passages,  gouty  concretions  and  vesical 
calculi  are  formed.  At  any  rate,  no  increased  formation  of 
uric  acid  has  hitherto  been  found  in  gout  and  in  the  uric 
acid  diathesis.  There  is  even  less  uric  acid  eliminated  during 
an  attack  of  gout.J 

* Compare  Botho  Schoube,  Arch.  f.  Heilkunde,  vol.  xvi.  p.  185  : 1876. 

t Bartels,  loc.  cit.,  p.  28. 

X Garrod,  “ The  Nature  and  Treatment  of  Gout : ” London,  1859.  An  account 
of  the  literature  on  gout  is  given  in  the  monograph  of  Ebstein,  “ Dio  Natur  und 
Behandlung  der  Gicht:”  Wiesbaden,  1882. 
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Besides,  there  is  the  important  fact  that  a large  amount 
of  hydrochloric  acid  is  necessary  in  order  to  separate  the 
uric  acid  from  the  urine  for  quantitative  analysis,  and  that 
even  then  it  separates  very  slowly  and  incompletely,  and 
sometimes  not  at  all,  in  spite  of  its  being  present  in  abun- 
dance.* This  fact  likewise  argues  that,  at  any  rate,  not  all 
the  uric  acid  is  simply  dissolved  in  the  urine  as  a salt. 

The  chemical  constitution  of  uric  acid  has  not  yet  been 
satisfactorily  ascertained,  although  a large  number  of  eminent 
chemists  have  sought  to  solve  the  question, t and  although  the 
synthesis  of  uric  acid  has  been  successfully  accomplished. 

Among  the  numerous  analyses  of  uric  acid,  which  have 
been  made  with  the  greatest  care,  the  following  is  of  peculiar 
physiological  interest,  because  the  products  obtained  play  an 
important  part  in  the  animal  economy. 

Strecker  \ showed  that  uric  acid,  when  heated  with  concen- 
trated hydrochloric  acid  in  a closed  tube  to  170°  C.,  splits  up, 
with  hydration,  into  glycocoll,  carbonic  acid,  and  ammonia : 

C5H4N403  + 5H20  = CH2(NH2)C00H  + 3C02  + 3NH3. 

Strecker  thought  that  uric  acid  would,  while  taking  up  only 
two  molecules  of  water,  break  up  first  into  glycocoll  and  three 
molecules  of  cyanic  acid  : 

C5H4N403  + 2H20  = CH2(NH2)COOH  + 3CONH. 

It  is  well  known  that  cyanic  acid,  on  coming  in  contact  with 

* Salkowski,  Pfliiger’s  Arch.,  vol.  v.  p.  210:  1872;  Maly,  ibid.,  vol.  vi.  p. 
201 : 1872. 

f Wohler,  PoggendorfFs  Annal.,  vol.  xv.  p.  119  : 1829  ; Liebig,  ibid.,  vol.  xv. 
p.  569:  1829;  and  Ann.  d.  Client,  u.  Pharrn.,  vol.  v.  p.  288:  1S33  ; Wohler  and 
Liebig,  Ann.  d.  Chem.  u.  Pharm.,  vol.  xxvi.  p.  241  : 1838;  Adolf  Baeyer,  ibid., 
vol.  cxxvii.  pp.  1,  199:  1863;  Strecker,  ibid.,  vol.  cxlvi.  p.  142:  1868;  and  vol. 
civ.  p.  177:  1870;  Kolbe,  Ber.  d.  deutsch.  Chem.  Ges.,  vol.  iii.  p.  1S3:  1870. 
Among  the  latest  works  on  the  constitution  of  uric  acid  may  be  mentioned  L. 
Medicus.  Ann.  d.  Chem.  u.  Pharm.,  vol.  clxxv.  p.  230:  1875;  Hill,  Ber.  d.  deutsch, 
chem.  Ges.,  vol.  ix.  p.  370:  1S76;  and  vol.  xi.  p.  1329:  1878;  Horbaczowski, 
Sitzung sher.  d.  Wien.  Alcad.,  vol.  lxxxvi.  p.  963:  1882;  or  Monatshefte  f.  Chem., 
vol.  iii.  p.  796:  1882;  and  vol.  vi.  p.  356:  1S85;  and  Emil  Fischer,  Ber.  d. 
deutsch,  chem.  Ges.,  vols.  i.,  xvii.,  pp.  328,  1776  : 1884. 

t Strecker,  Liebig’s  Annal.,  vol.  cxlvi.  p.  142  ; 1868. 
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water,  is  at  once  converted  into  carbonic  acid  and  ammonia. 
I may  remind  my  readers  that  the  watery  solution  of  cyanate 
of  potash  effervesces  with  acids  like  a carbonate. 

Strecker  therefore  regarded  uric  acid  as  a compound 
analogous  to  hippuric  acid.  As  hippuric  acid  is  a glycocoll 
conjugated  with  benzoic  acid,  so  uric  acid  is  a glycocoll 
conjugated  with  cyanic  acid. 

The  synthesis  of  uric  acid,  which  Horbaczewski  * suc- 
cessfully accomplished  in  E.  Ludwig’s  laboratory  in  Vienna, 
exactly  corresponds  to  the  decomposition  observed  by  Strecker. 
Horbaczewski  obtained  uric  acid  by  melting  glycocoll  and  urea 
together  at  from  200  to  230°  C.  It  is  well  known  that,  on 
heating  urea,  ammonia  volatilizes  and  cyanic  acid  is  formed  : 

/NH2 

c=o  -nh3=conh. 

\nh2 

Thus  if  urea  be  melted  with  glycocoll,  nascent  cyanic  acid  is 
allowed  to  act  on  the  glycocoll;  one  decomposition-product  of 
the  uric  acid  in  a nascent  state  acts  upon  the  other.  This 
might,  ä priori,  be  expected  to  develop  uric  acid. 

The  following  physiological  fact  observed  by  Wohler 
appears  to  harmonize  with  these  results  of  decomposition  and 
synthesis.  Wohler  f found  uric  acid,  but  no  hippuric  acid,  in 
the  urine  of  sucking  calves,  so  long  as  they  consumed  nothing 
but  milk.  But  as  soon  as  they  passed  on  to  vegetable  food, 
the  uric  acid  disappeared,  and  hippuric  acid  was  substituted. 

It  thus  appears  that  the  benzoic  acid  arising  from  vege- 
table diet  seizes  upon  the  glycocoll  and  prevents  the  synthesis 
of  uric  acid. 

If  this  interpretation  be  correct,  we  should  expect,  by  the 
addition  of  aromatic  compounds,  to  be  able  to  prevent  the 
formation  of  uric  acid  in  human  beings  as  well.  This  might 

* Horbaczewski,  Sitzungsber.  d.  Wien.  Alcad.,  vol.  Ixxxvi.  p.  963:  1882;  or 
Monatshefte  f.  Chern.,  vol.  iii.  p.  796  : 1882  ; and  vol.  vi.  p.  356  : 1885. 

t Wohler,  Nachr.  d.  lc.  Ges.  d.  Wissen  sch.  zu  Güttingen,  vol.  v.  pp.  61-64  ; 1849. 
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even  be  of  therapeutic  advantage  in  the  treatment  of  gout. 
It  is  useless  merely  to  give  benzoate  of  sodium,  as  I have 
proved  by  many  experiments.  But  here  again  it  should  not 
be  forgotten  that  it  is  not  in  our  power  to  make  the  benzoic 
acid  reach  the  proper  point  at  the  proper  moment  when  the 
glycocoll,  before  its  union  with  the  cyanic  acid,  could  reach 
it.  As  already  mentioned,  the  benzoic  acid  in  vegetable  food 
is  not  generally  contained  as  such,  but  is  formed  in  the  body 
by  the  decomposition  and  oxidation  of  more  complex  com- 
binations. It  is  quite  possible  that  these  latter  are  taken  up 
by  the  cells  in  which  the  glycocoll  occurs,  while  the  benzoic 
acid  already  formed  is  rejected.  At  any  rate,  it  must  be 
remembered  that  to  prevent  the  formation  of  uric  acid  in 
gout  would  only  affect  the  symptoms.  It  is  impossible  to 
treat  the  essential  cause  of  the  disease,  because  it  is  quite 
unknown  to  us. 

With  a view  to  obtaining  further  insight  into  the  compo- 
sition of  uric  acid,  the  products  of  its  simultaneous  decom- 
position and  oxidation  have  been  investigated — products 
obtained  by  the  action  of  oxidizing  agents.  These  products 
are  likewise  of  great  interest,  because  among  them  combina- 
tions occur  which  are  also  met  with  in  the  metabolism  of  the 
animal  body. 

A solution  of  permanganate  of  potash  causes  uric  acid 
to  break  up,  even  in  the  cold,  into  allantoin  and  carbonic 
acid  : * * * § C5H4N403  + 0 + H20  = C4H6N403  + C02. 

Allantoin  was  discovered  by  Yauquelin  f in  the  allantoic 
fluid  of  the  cow,  was  subsequently  found  by  Wohler  f in  calves’ 
urine  as  well,  and  was  further  investigated  both  by  him  and 
by  Liebig.§  Later  this  compound  was  also  detected  in  the 

* Claus,  Ber.  d.  deutsch,  cliem.  Ges.  d.  Wissensch.  zu  Gottingen,  vol.  v.  pp.  61- 
64  : 1849. 

t Buniva  et  Vauquelin,  Ann.  de  cliim.,  t.  xxxiii.  p.  269,  ann.  viii0. : 1799. 
Vide  also  Lassaigne,  Ann.  de  cliim.  et  de  phys.,  t.  xvii.  p.  301 : 1821. 

X Wohler,  Nachr.  d.  It.  Ges.  d.  Wissensch.  zu  Göttingen,  p.  61 : 1S49. 

§ Wohler  and  Liebig,  Ann.  d.  Chem.  u.  Pharm.,  vol.  xxvi.  p.  244  : 1838. 
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allantoic  fluid  and  in  the  urine  of  new-born  children,  and 
occasionally  in  dogs’  urine.* 

The  further  action  of  oxidizing  agents  upon  allantoin  f 
produces  urea  and  oxalic  acid,  and  the  latter  ultimately, 
under  the  same  influence,  yields  carbonic  acid. 

If  nitric  acid  be  employed  for  the  purpose  of  splitting  up 
and  oxidizing  uric  acid,  urea  and  carbonic  acid  are  again 
obtained  as  end-products.  Combinations  occur  as  inter- 
mediary products  which,  although  they  do  not  appear  in  the 
animal  body,  are  of  interest,  in  so  far  as  they  help  to  throw 
some  light  upon  the  constitution  of  uric  acid.  Alloxan  and 
urea  are  the  next  compounds  formed  by  the  nitric  acid  in  the 
presence  of  cold : 

H 

J 

C = ON\ 

I \ /NH2 

c5h4n4o3  + o + h2o=  c = 0 c = 0 + C=0 

Uric  acid.  I / 

C = ON7  Urea. 

“I 

H 

Alloxan. 

Alloxan,  when  heated  with  nitric  acid,  passes  into  para- 
banic  and  carbonic  acids  : 


H 


C = ON 


H 


\ C = ON\ 

C = 0 C=0  + 0 = C02+|  C = 0 

| / C = ON/ 

C = ON  i 


H 

Alloxan. 


H 

Parabanic  acid,  or  Oxalylurea. 


* E.  Salkowaki,  Her.  d.  deutsch,  chem.  Ges.,  vol.  ix.  p.  719  : 1876  ; and  vol.  xi. 
p.  500 : 1878. 

t For  the  synthesis  and  composition  of  allantoin,  vide  Grimaux,  Compt.  rend. , 
vol.  lxxxiii.  p.  62 : 1876. 
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The  parabanic  acid,  with  hydration,  passes  into  oxaluric 
acid  : 

H 


C = ON\  C0NHC0NH2 

C = 0 + H20  = 1 
C = ON/  COOH 

Oxaluric  acid. 

H 

Parabanic  acid. 

The  latter,  by  taking  up  a second  molecule  of  water,  breaks 
up  into  oxalic  acid  and  urea : 

C0NHC0NH2  COOH  /NH2 

| +H20=  I + CO 

COOH  COOH  \NH2 

Oxaluric  acid.  Oxalic  acid.  Urea. 

Oxaluric  acid  occurs  in  the  human  urine  * in  minute 
quantities. 

The  following  formula,  which  was  composed  by  Medicus,f 
and  confirmed  by  Emil  Fischer  J from  extensive  observations, 
agrees  with  all  the  decompositions  of  uric  acid  we  have 
described : — 

H C^ÖN-H 

\ I I 

N-C  C=0 

0_r/  II  I 

U_0\N-C  N-H 
H/ 


Another  synthesis  of  uric  acid,§  lately  discovered  by 
Horbaczewski,  agrees  well  with  this  structural  formula.  He 
found  it  could  be  synthesized  by  fusing  together  trichlorlactic 
acid  and  urea. 

As  we  have  seen  that  uric  acid  is  transmuted  into  urea  and 

* Ed.  Sohuncb,  Proceed,  of  the  Boy.  Soc .,  vol.  xvi.  p.  140 : 1SG8  ; C.  Neubauer, 
Zeitschr.  f.  anal.  Client.,  vol.  vii.  p.  225 : 1868. 

t Medicus,  Ann.  d.  Ghent,  u.  Pharm.,  vol.  clxxv.  p.  230:  1875. 

4 Fischer,  Ber.  d.  deutsch,  ehern.  Ges.,  vol.  xvii.  pp.  328,  1776 : 1884. 

§ J.  Horbaczewski,  Monatshefte  für  Chemie,  vol.  viii.  pp.  201,  584 : 1887. 
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carbonic  acid  by  oxidizing  agents  outside  the  organism,  we 
should  expect  to  find  the  same  process  going  on  within  the 
organism,  and  that  uric  acid  is  one  of  the  antecedents  of 
urea.  If  uric  acid  be  introduced  into  the  organism  of  a dog, 
it  certainly  becomes  almost  entirely  changed  into  urea.*  But 
it  by  no  means  follows  that  part  of  the  urea  normally  formed 
arises  from  uric  acid.  This  idea  is  frequently  met  with,  and 
especially  in  pathological  literature.  It  was  thought  that, 
in  disturbances  of  external  and  internal  respiration  (such  as 
affections  of  the  lungs,  antemia,  etc.),  an  increase  takes  place 
in  the  elimination  of  uric  acid,  as  a product  of  incomplete 
combustion.  This  supposition  has  not,  however,  been  con- 
firmed. Senatorf  could  not  decide  that  the  uric  acid  was 
increased  in  dogs,  cats,  and  rabbits  when  respiratory  disturb- 
ances were  artificially  induced ; nor  could  Naunyn  and  BiessJ 
do  so  after  venesections.  Moreover,  the  numerous  accounts 
given  of  the  increased  elimination  of  uric  acid  in  human 
beings  in  consequence  of  respiratory  disturbances,  do  not 
rest  on  exact  observation.  In  the  first  place,  investigators 
fell  into  the  error,  already  alluded  to,  of  inferring  an  increase 
of  uric  acid  from  an  increase  of  sediment ; and,  in  the  second 
place,  they  did  not  sufficiently  take  into  consideration  how 
much  the  formation  of  uric  acid  depends  upon  diet.  It  should 
be  especially  noted  that  a fasting,  and  particularly  a febrile 
person — in  whom  it  is  well  known  that  the  proteid-decompo- 
sition  is  increased — behaves  exactly  like  a person  who  lives 
on  meat.  The  results  of  all  calculations  bearing  upon  the 
elimination  of  uric  acid  in  respiratory  disturbances,  and  con- 
cerning the  relation  of  uric  acid  to  urea  in  these  affections,  vary 
within  the  same  limits  as  they  do  in  the  ease  of  healthy  people. 

Increased  elimination  of  uric  acid  has  hitherto  only  been 

* Zabelin,  Liebig’s  Annal.  d.  Clicm.  u.  Pharm.,  Suppl.,  vol.  ii.  p.  326:  1862 
and  1863.  The  views  of  earlier  authors  on  the  conversion  of  uric  acid  into  urea 
will  be  found  here. 

t Senator,  Virchow’s  Arch.,  vol.  xlii.  p.  35  : 1868. 

t B.  Naunyn  and  L.  Riess,  Du  Bois’s  Arch.,  p.  381 : 1869. 
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proved  in  the  case  of  one  disease,  leuchsemia.  Bartels  * * * § 
recounts  that  he  found  4*2  grms.  of  uric  acid  in  the  urine 
of  a leuchsemic  patient  during  twenty-four  hours,  of  which 
1*8  grm.  had  crystallized  out.  0.  Schultzent  even  found, 
in  the  urine  of  a case  of  leuchsemia  during  twenty-four  hours, 
a sediment  consisting  of  4*5  grms.  of  free  uric  acid  and 
1*45  grm.  of  urate  of  ammonia.  Such  large  amounts  have 
never  been  observed  in  healthy  people.  In  the  cases  of 
leuchsemia  where  the  amount  of  uric  acid  does  not  exceed 
that  of  healthy  people,  the  proportion  of  uric  acid  to  urea 
is  increased,  frequently  in  the  proportion  of  only  12  grms. 
of  the  latter  to  1 grm.  of  uric  acid.J  Fleischer  and  Penzoldt  § 
have  lately  made  a careful  investigation  on  this  subject. 
They  dieted  a leuchsemic  patient  and  a person  in  good  health 
in  precisely  the  same  way ; they  both  excreted  the  same 
amount  of  urea,  hut  the  leuchsemic  patient  eliminated  daily 
an  average  of  1*29  grm.  of  uric  acid,  while  that  eliminated  by 
the  healthy  person  amounted  to  0*66  grm.,  or  half  as  much. 

This  occurrence  cannot,  for  the  reasons  already  given,  be 
referred  to  a diminution  of  oxygen  in  consequence  of  the 
decrease  in  red  blood-corpuscles.  It  was,  therefore,  thought 
that  the  cause  was  to  be  sought  in  the  enlargement  of  the 
spleen  and  in  the  increase  of  leucocytes.  Uric  acid  is  con- 
stantly found  in  the  spleen,  which  has  given  rise  to  the  idea 
that  it  is  chiefly  formed  here.  Enlargement  of  the  spleen, 
however,  occurs  in  other  diseases,  in  intermittent  fever  and 
in  typhus,  without  any  increase  of  uric  acid  that  could  be 
detected.!!  Nor  could  StadthagenIT  confirm  the  view  that 

* Bartels,  Deutsch.  Arch.  f.  hlin.  Med.,  vol.  i.  p.  23:  1S66. 

f Steinberg,  “Ueber  Leukämie,”  Inaug.  Dissert. : Berlin,  1868. 

X H.  Banke,  “ Beobachtungen  und  Versuche  über  die  Ausscheidung  der 
Harnsaure,”  p.  27:  München,  1858;  and  Salkowski,  Virchow’s  Arch.,  vol.  1. 
p.  174 : 1870 ; and  vol.  lii.  p.  58  : 1871. 

§ Fleischer  and  Penzoldt,  Deutsch.  Arch.  f.  hlin.  Med.,  vol.  xxvi.  p.  368: 
1880. 

||  Bartels,  Deutsch.  Arch.  f.  hlin.  Med.,  vol.  i.  p.  28 : 1866. 

^|  Stadthagen,  Virchow’s  Arch.,  vol.  cix.  pp.  396-402 : 1887. 
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uric  acid  occurred  in  the  spleen ; he  could  not  detect  even  a 
trace  of  it  in  the  liver  and  spleen  of  either  a leuchtemic 
patient  or  a healthy  person.  It  is  possible  that  uric  acid 
may  be  a product  of  the  metabolism  of  leucocytes,  independent 
organisms  which  travel  through  our  tissues,  after  the  manner 
of  “ symbionta.”  Uric  acid  has  been  observed  to  be  the  end- 
product  of  tissue-change  in  all  kinds  of  the  lower  animals. 
In  this  connection  it  is  noteworthy  that  quinine,  which 
diminishes  the  amoeboid  movements  of  leucocytes,  also  lessens 
the  elimination  of  uric  acid.* 

The  theory  that  uric  acid  is  the  result  of  imperfect  respi- 
ration is  negatived  by  the  simple  fact  that  in  birds,  which  of 
all  animals  have  the  most  active  respiration,  the  hulk  of  the 
nitrogen  leaves  the  body  as  uric  acid.  The  nitrogen  may  be 
introduced  into  the  organism  of  the  bird  in  whatever  form 
you  like — as  an  amido-acid : leucin,  glycocoll,  or  aspartic 
acid  ; f as  urea  ; l as  carbonate  or  formate  of  ammonia  ; § 
as  hypoxanthin  || — it  invariably  appears  in  the  urine  as  uric 
acid. 

We  cannot  even  guess  in  what  way  these  nitrogenous 
compounds  take  part  in  the  synthesis  of  uric  acid.  For 
instance,  carbonate  of  ammonia  alone  cannot  furnish  material 
for  the  formation  of  uric  acid ; a further  compound,  rich  in 
carbon,  and  containing  little  or  no  nitrogen,  is  required.  Either 
glycocoll  or  lactic  acid  would  satisfy  these  requirements,  but 
nothing  definite  is  known  on  this  point. 

It  now  only  remains  for  us  to  consider  where  the  uric  acid 
is  formed.  This  is  important  from  a physiological  as  well  as 
from  a pathological  point  of  view.  The  most  complete 

* Ranke,  loc.  cit.  This  account  has  been  amply  confirmed,  most  recently  by 
Prior’s  thorough  investigation,  Pfliiger’s  Arcli.,  vol.  xxxiv.  p.  237 ; 1881.  The 
whole  literature  will  be  found  here. 

t Von  Knieriem,  Zeitschr.f.  Biolog.,  vol.  xiii.  p.  36  : 1877. 

t Meyer  and  Jaffe,  Bar.  d.  deutsch,  chem.  Gas.,  vol.  x.  p.  1930 : 1877.  Vide 
also  Cech,  ibid.,  vol.  x.  p.  1461 : 1877. 

§ Von  Schröder,  Zeitsehr.  f.  physiol.  Chem.,  vol.  ii.  p.  228  : 1878. 

||  W.  von  Mach,  Arch.  f.  exper.  Bath.  u.  Pharm.,  vol  xxiv.  p.  389  : 1888, 
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investigations  upon  this  subject  of  recent  times  have  been 
made  by  Schröder  * and  Minkowski.-f* 

Schröder  succeeded,  in  Ludwig’s  laboratory,  in  overcoming 
the  immense  difficulties  encountered  in  the  extirpation  of  the 
kidneys  of  birds.  Hens  lived  from  five  to  ten  hours  after 
their  kidneys  had  been  either  extirpated  or  detached  from  the 
circulation  by  ligaturing  the  aorta  and  vena  cava  above  the 
kidney.  In  this  time  uric  acid  had  accumulated  in  the  organs. 
A considerable  amount  of  uric  acid  was  obtained  from  the  heart 
and  the  lungs  together  with  the  blood  in  them,  but  none  from 
the  normal  organs,  by  the  method  adopted  by  Schröder. 
Hence  it  follows  that  the  uric  acid  is  not  produced,  or  at  any 
rate  not  exclusively  formed,  in  the  kidneys  of  fowls.  Experi- 
ments in  which  snakes’  kidneys  were  extirpated  gave  the  same 
results,  only  that  here  the  amount  of  uric  acid  that  accumulated 
was  larger,  because  snakes  survive  the  operation  for  a much 
longer  time.  They  lived  from  five  to  nine  days  afterwards, 
and  after  death  a large  quantity  of  uric  acid  was  found  in  all 
their  organs,  but  most  abundantly  in  the  spleen.  A consider- 
able amount  of  uric  acid  was  obtained  from  the  blood.  Hence 
also  in  snakes  uric  acid  is  not  primarily  formed  in  the 
kidneys. 

The  locality  of  the  formation  of  uric  acid  in  mammals  has 
not  been  experimentally  investigated.  At  the  same  time,  the 
existence  of  small  amounts  of  uric  acid  in  the  liver,  lungs, 
and  other  organs,  has  been  ascertained.^  The  occurrence  in 
gout  of  large  quantities  of  uric  acid  in  the  joints,  tendons,  and 
ligaments,  under  the  skin,  and  in  other  organs,  without  any 
previous  disturbance  in  the  functions  of  the  kidney,  seems  to 
show  that  uric  acid  is  not  primarily  formed  in  the  kidneys  in 

* Von  Schröder,  Du  Bois’  Arcli.,  Suppl.,  p.  113:  18S0  ; and  “Beiträge  zu 
Physiol.,  Carl  Ludwig  zu  seinem  70  Geburtstage  gewidmet  von  seinen  Schülern,” 
p.  89  : Leipzig,  1887. 

t Minkowski,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  xxi.  p.  41 : 18S6. 

X An  account  of  the  literature  is  given  by  Schröder,  loc.  cit.,  p.  143.  For  the 
opposite  view  of  Stadthagen,  see  the  earlier  reference. 
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the  case  of  mammals  any  more  than  it  is  in  the  case  of  birds 
and  reptiles. 

Minkowski  * endeavoured  to  ascertain  whether  this  process 
went  on  in  the  liver.  As  above  mentioned,  this  question 
cannot  he  decided  in  mammals,  on  account  of  the  stagnation 
which  occurs  in  the  blood  of  the  portal  system  after  the  extir- 
pation of  the  liver.  The  bold  attempt  to  avoid  this  stagnation 
by  providing  an  artificial  communication  of  the  portal  with 
the  left  hepatic  vein,  or  directly  with  the  vena  cava  inferior, 
has  not  been  attended  with  any  success,  f Fortunately,  such 
a communication  has  a natural  existence  in  birds.  Birds 
have  a vascular  system  in  the  kidneys  similar  to  the  portal 
circulation  in  the  liver.  There  is  a vena  advehens  in  the 
kidney  which  brings  to  that  organ  the  blood  of  the  caudal 
vein,  the  iliac  vein,  and  the  veins  leading  from  the  pelvic 
organs.  This  vena  advehens  communicates  with  the  portal 
vein  by  means  of  Jacobson’s  vein.  After  tying  the  portal 
vein,  therefore,  the  blood  from  the  intestine  can  pass  through 
the  kidneys  to  the  vena  cava  inferior,  and  no  stagnation 
occurs,  t Minkowski,  therefore,  tried,  by  experiments  on 
birds,  to  find  out  what  influence  the  removal  of  the  liver  has 
upon  the  composition  of  urine.  He  made  his  experiments  on 
geese,  because  these  large  birds  yield  a sufficient  amount  of 
urine  for  the  purposes  of  analysis,  and  because  they  secrete 
urine  in  abundance  after  removal  of  the  liver.  He  operated 
upon  as  many  as  sixty  geese,  and  in  most  cases,  not  only 
tied  the  hepatic  vessels,  but  also  completely  extirpated  the 
liver,  except  a very  small  remnant  which  he  was  obliged  to 
leave  in  the  immediate  neighbourhood  of  the  vena  cava,  as  in 
birds  this  latter  passes  through  the  liver.  This  remnant  was 
destroyed  by  crushing.  The  animals  thus  operated  upon 

* Minkowski,  loc.  cit. 

t Stolnikow,  Pfliiger’s  Arch.,  vol.  xxviii.  p.  2G6  : 1882 ; Stern,  Arch.  f.  expcr. 
Path.  u.  Pharm.,  vol.  xix.  p.  45;  1885;  W.  von  Schröder,  ibid.,  vol.  xix.  p.  313: 
1885. 

% Stern,  loc.  cit. 
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mostly  lived  for  more  than  six  hours,  and  a few  of  them  for 
twenty  hours.  The  large  intestine  was  tied  above  the  cloaca, 
in  order  to  obtain  the  urine  in  a pure  condition. 

The  result  obtained  was,  that  the  total  nitrogen  eliminated 
after  the  extirpation  of  the  liver  was  not  greatly  diminished ; 
it  amounted  to  about  from  one-half  to  two-thirds  of  the 
quantity  normally  excreted  by  geese  in  the  same  time.  On 
the  other  hand,  the  proportion  of  uric  acid  to  the  total  nitrogen 
in  the  urine  was  very  different.  In  healthy  geese,  the  nitrogen 
eliminated  as  uric  acid  amounts  to  from  60  to  70  per  cent,  of 
the  total  nitrogen ; in  geese  after  removal  of  the  liver,  only  to 
from  3 to  6 per  cent. 

The  relative  amount  of  another  nitrogenous  constituent  of 
the  urine,  ammonia,  is  altered  in  the  reverse  direction  after 
extirpation  of  the  liver.  The  ammonia  in  the  urine  of  normal 
geese  amounts  to  from  9 to  18  per  cent,  of  the  total  nitrogen ; 
that  in  the  urine  of  geese  after  extirpation  of  the  liver,  from 
50  to  60  per  cent. 

From  this  Minkowski  concludes  that  ammonia  is  a normal 
antecedent  of  uric  acid,  and  that  the  synthetic  conversion  of 
ammonia  into  uric  acid  in  the  organism  of  birds  can  only 
take  place  if  the  liver  is  free  to  perform  its  functions. 
Minkowski  does  not  say  that  the  liver  is  the  locality  of  uric 
acid  formation.  It  is  possible  that  the  functions  of  the  liver 
are  only  indirectly  called  into  play  in  the  formation  of  uric 
acid  in  other  organs. 

The  following  very  important  fact  observed  by  Minkowski 
may  he  interpreted  in  this  sense.  A very  large  quantity  of 
lactic  acid  was  found  in  the  urine  of  geese  after  removal  of 
the  liver.  Minkowski  could  not  detect  any  lactic  acid  in  the 
normal  urine  of  geese,  whereas  after  the  operation  there  was  so 
large  a quantity  as  to  he  equivalent  to  the  amount  of  ammonia 
excreted,  and  sufficient  to  make  the  urine  strongly  acid. 

The  extirpation  of  the  liver  is  therefore,  in  some  way  as 
yet  inexplicable,  followed  by  the  appearance  of  large  quanti- 
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ties  of  lactic  acid,  and  the  formation  of  uric  acid  being 
inhibited  in  any  organ  is  perhaps  only  indirectly  the  con- 
sequence of  the  occurrence  of  the  acid.  We  have  already 
seen  that  acids  check  the  formation  of  urea,  and  increase  the 
elimination  of  ammonia  in  the  organism  of  mammals.  Why 
may  not  acids  have  the  same  inhibitory  effect  upon  the 
formation  of  uric  acid  in  the  organism  of  birds  ? In  fact, 
by  administering  sodium  carbonate,  Minkowski  succeeded  in 
reducing  the  elimination  of  ammonia  in  a normal  goose  from 
11  to  3 per  cent,  of  the  total  nitrogen. 

I will  only  add  that  in  diseases  of  the  liver,  and  especially 
in  acute  atrophy  of  the  liver,  and  in  cases  of  phosphorus 
poisoning,  large  quantities  of  lactic  acid  have  been  observed 
in  the  urine.*  May  not  the  increased  elimination  of  ammonia 
in  cirrhosis  of  the  liver  (p.  327)  he  likewise  referred  to  this 
fact?  So  far  as  my  knowledge  extends,  no  notice  has  ever 
been  taken  of  the  acidity  of,  and  the  lactic  acid  present  in, 
the  urine  of  persons  suffering  from  cirrhosis  of  the  liver. 

I will  also  take  this  opportunity  of  mentioning  that  the 
occurrence  of  an  organic  acid  (oxybutyric  acid)  and,  simul- 
taneously, an  increased  elimination  of  ammonia  has  also  been 
observed  in  cases  of  diabetes  mellitus. f 

It  may  even  be  doubted  whether  ammonia  is  the  normal 
antecedent  of  urea  and  of  uric  acid.  It  is  possible  that  the 
nitrogen,  which  under  normal  circumstances  splits  off  from 
the  proteid  molecule  as  a neutral  combination,  separates  as 
ammonia  under  the  influence  of  the  abnormal  acids. 

The  facts  observed  by  Minkowski  may,  therefore,  he  inter- 
preted in  many  different  ways.  Minkowski  himself  inclines 
to  the  idea  that  the  hulk  of  the  uric  acid  in  the  liver  is 
normally  formed  by  synthesis  from  ammonia  and  a non- 

* Schultzen  and  Riess,  Ann.  des  Charite- Krankenhauses,  vol.  xv. : 1869. 

+ IJallervorden,  Arch.  f.  exper.  Path.  u.  Pharm,,  vol.  xii.  p.  268 : 1880 
Stadelmann,  ibid.,  vol.  xvii.  p.  419:  1883;  Minkowski,  ibid.,  vol.  xviii.  pp.  35, 
147 : 1884  ; Külz,  Zeitsohr.  f.  Biolog.,  vol.  xx.  p.  165 : 1884  ; H.  Wolpe,  Arch.  f. 
exper.  Path.  u.  Pharm.,  vol.  xxi.  p.  138 : 1886. 
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nitrogenous  substance,  and  imagines  this  latter  to  be  lactic 
acid.*  Minkowski  grounds  this  view  on  the  probability  of 
ammonia  and  lactic  acid  both  having  a common  source  in 
proteid.  As  already  stated,  he  always  found  the  lactic  acid  in 
quantities  equivalent  to  the  ammonia.  It  increased  in  quantity 
with  the  amount  of  proteid  in  the  food,  and  was  independent 
of  the  addition  of  carbohydrates ; it  increased  also  under 
the  same  conditions  under  which  an  increase  of  uric  acid 
normally  takes  place. 

Of  the  numerous  facts  ascertained  by  Minkowski,  I would 
emphasize  the  following : — 

Besides  the  uric  acid  and  the  ammonia,  which  form  the 
bulk  of  the  nitrogenous  compounds  in  the  normal  urine  of 
birds,  there  is  always  a small  amount  of  urea.  The  nitrogen 
eliminated  in  this  form  amounts  to  from  about  2 to  4 per 
cent,  of  the  total  nitrogen.  The  proportion  of  urea  to 
the  total  nitrogen  remained  unaltered  after  extirpation  of 
the  liver.  The  urea  in  the  urine  of  birds  is,  therefore,  not 
formed  in  the  liver.  But,  of  course,  this  does  not  justify  any 
conclusion  with  regard  to  the  locality  of  the  formation  of  urea 
in  mammals. 

If  urea  be  artificially  introduced  into  the  organism  of 
normal  birds,  4he  nitrogen  of  the  urea,  according  to  the 


* The  lactic  acid  found  by  Minkowski  in  the  urine  of  geese  whose  livers  had 
been  removed,  was  the  optically  active  sarco-lactic  acid.  There  are  known  to 
he  three  isomeric  lactic  acids:  ethylene  lactic  acid  [CH2(OH)CH2COOH],  or 
hydracrylic  acid,  which  has  not  been  detected  in  the  animal  body,  and  the  two 
ethylidene  lactic  acids  [CH3CH(OH)COOH].  Of  the  two  last,  the  lactic  acid  of 
fermentation,  which  is  formed  by  the  ferm  ntation  of  sugar  of  milk  in  milk,  and 
by  the  fermentation  of  the  carbohydrates  in  the  intestine,  is  optically  inactive ; 
the  other,  the  sarcolactic  acid,  is  optically  active,  as  it  rotates  the  plane  of 
polarization  to  the  right.  The  latter  is  obtained  from  muscles  (compare  Lecture 
XIX.),  and  is  met  with  frequently  in  pathological  products:  in  urine,  in 
phosphorus  poisoning  and  atrophy  of  the  liver,  in  osteomalacia,  in  the  sweat  in 
puerperal  fever,  and  in  various  pathological  exudations.  We  owe  the  most 
minute  inquiries  into  isomeric  lactic  acids  to  J.  Wislicenus  (Ann.  d.  Chcm.  u. 
Fharm.,  vol.  clxvi.  p.  3:  1873;  and  vol  clxvii.  pp.  302,  346:  1873),  and  to 
E.  Erlenmeyer  (ibid.,  vol.  clviii.  p.  262:  1871;  and  vol.  cxci.  p.  261:  1878).  A 
summary  of  the  literature  on  isomeric  lactic  acids  is  given  in  these  works. 
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experiments  of  Meyer  and  Jaffe,  already  quoted,  reappears 
as  uric  acid  in  the  urine.  Minkowski  injected  solutions  of 
urea  either  subcutaneously  or  into  the  stomach  of  his  geese, 
after  removal  of  the  liver ; the  urea  reappeared  in  the  urine 
unaltered.  This  fact  also  seems  to  warrant  the  conclusion 
that  uric  acid  is  formed  by  synthesis  in  the  liver,  but  it  is 
capable  of  being  otherwise  interpreted.  I may  express  the  hope 
that  the  artificial  transmission  of  blood  through  the  excised 
liver  of  birds  may  soon  give  a satisfactory  reply  to  this 
question. 

The  facts  obtained  both  by  Meissner  * and  by  Schröder  f 
agree  in  showing  that  the  amount  of  normal  uric  acid  is 
always  larger  in  the  liver  than  in  the  blood  of  birds ; and  they 
are,  moreover,  in  harmony  with  the  theory  that  uric  acid,  or 
at  any  rate  a portion  of  it,  is  formed  in  the  liver  of  birds. 

In  all  the  tissues  of  our  body,  and  especially  in  the 
nuclei  of  the  cells,  there  are  small  quantities  of  two  bases 
rich  in  nitrogen,  the  empirical  formulae  of  which  would  lead 
to  the  conclusion  that  they  are  closely  related  genetically  to 
uric  acid.  I mean  xanthin  and  hypoxanthin,  or  sarcin.J 
They  only  differ  from  uric  acid  by  their  smaller  amount  of 
oxygen : 

Uric  acid  . . . . . . . . C6H4N403 

Xanthin  . . . . . . . . C5H4N402 

Hypoxanthin  . . . . . . C5H41SI40 

As  yet,  however,  no  one  has  succeeded  in  transmuting  the 
three  compounds  into  one  another. § The  facts  that  xanthin 

* Meissner,  Zeitschr.  f.  rat.  Med.,  vol.  xxxi.  p.  144 : 1868. 

t W.  von.  Schröder,  “Beiträge  zur  Physiol.,  Carl  Ludwig  zu  seinem  70 
Geburtstage  gewidmet  von  seinen  Schülern,”  p.  98,  Leipzig:  1887. 

X Kossel,  Zeitschr.  f.  'physiol.  Ghem.,  vol.  vi.  p.  422:  1882;  vol.  vii.  p.  7: 
1882. 

§ Emil  Fischer  ( Ber . d.  deutsch,  ehern.  Ges.,  vol.  xvii.  pp.  328,  329 : 1884) 
was  unable  to  confirm  Strecker’s  account  that  uric  acid  could  be  reduced  to 
xanthin  and  hypoxanthin  by  nascent  hydrogen,  and  that  hypoxanthin  could  bo 
oxidized  into  xanthin  by  nitric  acid.  Vide  also  Kossel,  Zeitschr.  f.  physiol. 
Chem.,  vol.  vi.  p.  428 : 1882. 
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on  oxidation  yields  alloxan,  and,  when  acted  on  by  fuming 
hydrochloric  acid,  glycocoll,  seem  to  point  to  its  having  a 
constitution  somewhat  analogous  to  that  of  uric  acid.* 

But  there  is,  in  close  affinity  to  xanthin,  a third  com- 
pound, guanin  t (C5H5N5O),  which  frequently  occurs  in  the 
tissues  together  with  xanthin  and  hypoxanthin,  and,  like 
these,  is  a decomposition-product  of  the  nuclein  of  the  cell- 
nuclei.  This  is  converted  into  xanthin  by  the  action  of 
nitrous  acid. 

More  recently  still  Kossel  t has  discovered  a fourth  base 
rich  in  nitrogen  as  a constituent  of  the  nuclei ; this  he  terms 
adenin.  It  has  the  composition  C5H5N5  and  is  therefore 
a polymer  of  hydrocyanic  acid,  and  is  related  to  hypoxanthin 
in  the  same  way  as  guanin  is  to  xanthin.  It  is  converted 
into  hypoxanthin  by  nitrous  acid. 

Only  a very  small  quantity  of  xanthin  is  invariably 
present  in  human  urine ; § in  rare  cases  it  may  form  vesical 
calculi. 

Xanthin,  hypoxanthin,  guanin,  and  adenin,  which  are 
usually  designated  by  the  generic  name  of  xanthin-bodies, 
undoubtedly  belong  to  the  antecedents  of  urea  or  of  uric  acid.  |[ 
They  occur  in  too  large  a quantity  in  the  tissues,  and  in  too 
small  a one  in  the  urine,  for  it  to  be  possible  that  they  are 
eliminated  unchanged.  Guanin  is,  like  creatin,  a substi- 
tuted guanidin.  All  the  reasons  which  were  adduced  in 
favour  of  the  conversion  of  creatin  into  urea  are  equally 
applicable  to  guanin. 

* For  the  composition  of  xanthin,  see  Emil  Fischer,  Ann.  d.  Cliem.  u.  Pharm., 
vol.  ccxv.  p.  253:  1882;  Bar.  d.  deutsch,  ehern.  Ges.,  vol.  xv.  p.  453:  1SS2;  and 
Arm.  Gautier,  Compt.  rend.,  vol.  xcviii.  p.  1523 : 1884  (Synthesis  of  xanthin). 

t Kossel,  Zeitschr.  f.  physiol.  Chem.,  vol.  vii.  p.  16 : 1S82 ; vol.  viii.  p.  404 : 
1884. 

X Kossel,  ibid.,  vol.  x.  p.  250:  1886. 

§ Neubauer,  Zeitschr.  f.  analyt.  Chem  , vol.  vii.  p.  225:  1868. 

||  Vide  Stadthagen,  Virchow’s  Arch.,  vol.  cix.  p.  390:  1SS7.  An  account  of 
the  literature  on  the  xanthin-bodies,  and  the  part  they  play  in  the  formation  of 
uric  acid,  is  given  here. 
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LECTURE  XVII. 

THE  FUNCTIONS  OF  THE  KIDNEYS,  AND  THE  COMPOSITION 

OF  URINE. 

In  the  last  lecture  we  became  acquainted  with  the  end- 
products  in  which  the  hulk  of  the  nitrogen  leaves  the  body 
through  the  kidneys.  The  elimination  of  the  nitrogenous 
end-products  of  metabolism  is  not,  however,  the  sole  function 
of  the  kidneys.  To  the  kidneys  is  assigned  the  duty  of 
maintaining  the  composition  of  the  blood  invariable,  of 
rejecting  from  the  blood  everything  that  does  not  belong  to 
it  normally,  whether  an  abnormal  constituent  or  a normal 
one  that  has  increased  beyond  its  normal  amount. 

This  function  is  usually  ascribed  to  the  epithelial  cells 
of  the  renal  -tubules,  although  it  appears  to  me  that  it 
might  with  equal  justice  be  referred  to  the  cells  of  the 
capillary  wall.  There  is  no  reason  for  assuming  that  the 
capillary  wall  plays  a passive  part  in  the  process  of  secretion. 
We  know  that  it  consists  of  cells  joined  together  like  mosaic 
work,  and  that  each  of  these  cells  is  a living  unit,  an 
organism  by  itself,  to  which  we  are  a priori  justified  in 
ascribing  as  complex  functions  as  to  the  epithelial  cells  of 
the  tubules. 

The  cells  of  the  capillary  wall  and  those  of  the  epithelium 
perform  the  work  of  rejecting  the  substances  which  do  not 
normally  form  part  of  the  composition  of  the  blood,  and  this 
they  do  without  regard  to  the  laws  of  diffusion  and  endosmosis 
or  to  the  degree  of  solubility.  They  eliminate  everything 


350 


LECTURE  XVII. 


useless  or  superfluous — crystalloid  and  colloid  substances, 
both  soluble  and  insoluble,  both  alkaline  and  acid. 

Sugar  and  urea  are  both  readily  soluble  in  water  and 
diffusible ; they  are  both  always  circulating  with  the  blood 
through  the  renal  capillaries.  Sugar,  which  is  an  impor- 
tant food-substance,  is  retained;  urea,  which  is  an  end- 
product,  is  excreted.  The  purpose  is  manifest,  though  we  are 
unable  to  explain  the  reason.  It  does  not  at  present  admit 
of  a mechanical  explanation.  If  the  sugar  exceed  the  normal 
quantity,  it  is  secreted. 

Proteids  form  the  main  constituents  of  blood-plasma ; but 
they  are  never  allowed  to  pass  by  a healthy  epithelium. 
Normal  proteids  only  appear  in  the  urine  when  the  renal 
epithelium  has  undergone  pathological  alteration,  or  has  been 
impaired  by  impeded  circulation  of  the  blood,  and  by  an  arrest 
of  the  supply  of  oxygen.*  But  the  normal  proteids  of  the 
plasma  cannot  pass  the  normal  and  well-nourished  epithelium, 
and  this  not  by  reason  of  their  colloid  nature ; for  as  soon  as 
a proteid  that  does  not  belong  to  the  normal  constituents  of 
the  plasma,  such  as  egg-albumen,  or  a solution  of  casein,  is 
allowed  to  enter  the  blood,  it  reappears  in  the  urine. t This 
applies  not  only  to  colloid  substances,  but  also  to  such  as  are 
absolutely  insoluble  and  immiscible  with  water,  which  are 
removed  by  the  activity  of  the  cells  into  the  commencement 
of  the  renal  tubules,  if  they  do  not  belong  to  the  normal  con- 
stituents of  the  blood.  Among  these  we  may  mention  foreign 
fatty  matters  (cod-liver  oil),  superfluous  cholesterin,  resins, 
and  the  like. 

If  the  blood  becomes  too  alkaline,  as  it  may  by  conversion 
of  vegetable  salts  of  alkalies  into  carbonates,  the  renal  cells 

* Heidenhain  in  Hermann’s  Handbuch  der  Physiol.,  vol.  v.  pt.  i.  pp.  337,  371 : 
Leipzig,  1883. 

t J.  Forster,  Zeitschr.  f.  Biolog.,  \ ol.  xi.  p.  526:  1875.  In  this  paper  the 
earlier  views  of  Bernard.  Lehmann,  Stolcvis,  and  Creile  are  mentioned.  See 
further,  R.  Neumeister,  “Zur Frage  nach  dem  Schicksal  der  Ei weissnahrung  im 
Organismus,”  Sitzungsber.  d.  phys.  med.  Ges.  z.  Würzburg  : 1889. 
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separate  the  excess  of  these  carbonates  from  the  blood. 
If  the  alkalescence  of  the  blood  be  diminished — perhaps  by 
the  liberation  of  sulphuric  acid  and  phosphoric  acid,  caused 
by  the  decomposition  of  proteids  of  nucleins  and  lecithins — 
the  renal  cells  take  up  the  neutral  salts  of  the  blood,  separate 
them  into  acid  and  alkaline,  convey  the  acid  salts  into  the 
urine,  and  the  alkaline  back  into  the  blood,  until  the  normal 
alkalinity  is  restored. 

The  epithelium-cells  are  of  very  varying  form  and  size  in 
different  parts  of  the  urinary  tubules.  This  renders  it  probable 
that  different  portions  have  different  functions  to  perform; 
that  only  certain  constituents  of  the  urine  are  eliminated  by 
one  part,  and  different  ones  by  another.  It  is  known  as 
a fact  that  the  colouring  matter,  carmine,  when  it  gets  into 
the  blood,  is  eliminated  by  the  Malpighian  bodies,* * * §  whereas 
indigo  f and  bile  pigment  \ are  excreted  by  the  convoluted 
tubules  and  Henle’s  loops.  In  birds,  uric  acid  is  only  found 
in  the  epithelium  of  the  convoluted  tubules,  never  in  other 
parts.  § The  purpose  of  this  arrangement  is  evident : were 
the  uric  acid  to  be  eliminated  by  the  Malpighian  bodies,  it 
might  remain  there  and  form  concretions ; whereas  the 
crystals  eliminated  by  the  convoluted  tubules  are  being 
constantly  washed  down  by  the  fluid  secreted  by  the 
glomeruli. 

The  structure  of  the  glomeruli  is  very  puzzling,  and  is 
seen  in  no  other  gland.  The  widening  of  the  arteries  into 
the  capillary  system,  and  their  reunion  to  form  an  efferent 
vessel,  which  is  narrower  than  the  afferent  one,  appear  to 
be  arranged  for  the  purpose  of  slowing  the  blood  and  of 


* Chrzonsczewski,  "Virchow’s  Arch.,  yol.  xxxi.  p.  189 : 1864 ; Wittich,  Arch, 
j.  miltronk.  Anat.,  yol.  xi.  p.  77 : 1875. 

t Heidenhain,  ibid.,  vol.  x.  p.  30:  1874;  Pfliiger’s  Arch.,  vol.  ix.  p.  1:  1875. 

% Möbins,  Arch.  f.  Eeillt.,  vol.  xviii.  p.  84:  1877. 

§ Wittich,  Virchow’s  Arch.,  yol.  x.  p.  325:  1858;  Zalosky,  “Unt.  über  den 
urämischen  Process  und  die  Function  der  Niere,”  p.  48 : Tübingen,  1865 ; 
Meissner,  Zeitschr.  f.  rat.  Med.  (3),  vol.  xxxi.  p.  183 : 1867. 
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increasing  the  pressure.  But  we  are  at  present  incapable 
of  even  suggesting  a theory  as  to  what  significance  this 
precaution  has  in  the  formation  of  urine,  and  as  to  what 
constituents  are  formed  or  eliminated  in  the  glomeruli.  It 
has  not  been  found  that  blood-pressure  has  any  influence  in 
any  part  of  the  body  upon  the  quantity  and  quality  of  the 
transudation  formed.* 

It  has  hitherto  not  been  proved  that  the  nervous  system 
exercises  any  direct  influence  upon  the  epithelium-cells  of  the 
kidney,  as  it  has  been  ascertained  to  exercise  in  the  case  of 
the  salivary  glands,  and  as  is  also  probable  in  the  case 
of  the  remaining  glands  of  the  digestive  apparatus.  The 
renal  nerves  appear  only  to  act  upon  the  vessels.  This 
difference  might  d priori  have  been  expected.  The  digestive 
glands  form  their  secretion  from  the  normal  constituents  of 
the  blood.  The  impulse  to  greater  activity  of  the  epithelium- 
cells  cannot,  therefore,  proceed  from  the  blood,  but  from  the 
digestive  canal,  where  the  need  of  more  secretion  makes  itself 
felt ; this  necessitates  the  intervention  of  nerves.  The 
kidneys  behave  differently ; for  the  impulse  to  increased 
activity  of  the  renal  cells  must  proceed  from  the  abnormally 
increased  constituents  of  the  blood,  to  remove  which  is  the 
duty  of  the  kidneys.  This  does  not  necessitate  any  nervous 
apparatus.! 

We  should  d priori  expect  that  the  kidneys  would  he  all 
the  more  active,  the  more  substances  there  were  in  the  blood 
to  he  eliminated,  and  the  greater  the  amount  of  blood  flowing 
through  the  kidneys  in  a unit  of  time.  All  the  facts  observed 
agree  with  this  view.  Whatever  enlarges  the  lumen  of  the 
renal  vessels  and  increases  the  rapidity  of  the  blood-current, 
such  as  section  of  the  splanchnic  nerve  and  stimulation  of 

* Vide  Paschutin,  “Arbeiten  aus  der  physiologischen  Anstalt  zu  Leipzig,” 
p.  197  : 1872;  and  Emminghaus,  ibid.,  p.  50:  1873. 

t Vide  W.  von  Schröder,  “Ueber  die  Wirkung  des  Caffeins  als  Diureticum,” 
Arch.  /.  exper.  Path.  u.  Pharm.,  vol.  xxii.  p.  39 : 18S6. 
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tlie  spinal  cord,  also  increases  the  quantity  of  urine  secreted. 
Whatever  causes  contraction  of  the  vessels  and  diminishes 
the  rapidity  of  the  current,  as  stimulation  of  the  splanchnic, 
mechanical  narrowing  of  the  renal  artery,  or  section  of  the 
cervical  spinal  cord,  also  diminishes  the  urine.  There  is  at 
present  no  ground  for  assuming  that  the  blood-pressure  in 
the  renal  vessels  has  a direct  influence  upon  the  secretion  of 
urine. 

.From  these  observations  on  the  functions  of  the  kidneys, 
it  follows  that  the  composition  of  urine  must  necessarily  be 
a very  varying  one.  Besides  the  nitrogenous  end-products, 
the  amount  of  which  chiefly  depends  upon  the  proteid 
introduced,  and  undergoes  great  fluctuations,  the  urine  always 
contains  the  inorganic  salts  which  remain  over  from  the 
decomposition  of  the  organic  food-stuffs,  as  well  as  sulphuric 
and  phosphoric  acids,  which  proceed  from  the  oxidation  and 
splitting-up  of  the  proteids,  nucleins,  and  lecithins ; and 
finally  we  find  in  it  certain  products  of  metabolism — notably 
aromatic  compounds  and  oxalic  acid — which  are  oxidized 
with  difficulty,  and  which  contain  no  nitrogen.  Besides  the 
substances  which  occur  in  large  quantities  and  have  been 
subjected  to  careful  investigation,  there  are  numerous  other 
substances  in  the  urine  which  are  scarcely  known,  as  they 
occur  in  such  small  quantities.  There  is  also  a large  class 
of  substances  which  only  appear  occasionally  under  certain 
normal  and  pathological  conditions  that  are  little  known; 
and  lastly,  we  meet  with  substances  of  all  kinds  which  have 
been  accidentally  introduced  either  with  food  or  as  medicines, 
and  which  have  not  been  destroyed  in  the  body. 

In  order  to  give  an  idea  of  the  composition  of  normal 
urine,  two  analyses  are  appended,  which  I carried  out  on 
the  urine  of  a young  man  in  good  health,  both  when  on 
animal  and  on  vegetable  diet.*  An  estimate  was  made  of 

* The  literature  of  physiology,  so  far  as  I know,  affords  no  analysis  of  urine 
in  which  all  the  more  important  constituents  were  determined  in  the  same 
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almost  all  the  constituents  of  the  urine  which  normally  occur 
in  any  quantity.  After  two  days’  exclusive  diet  of  beef,  the 
urine  was  collected  on  the  second  day.  The  beef  eaten  was 
roasted  with  a little  salt,  the  only  beverage  being  spring 
water.  In  the  second  case  the  urine  was  also  collected  on 
the  second  day,  after  an  exclusive  diet  of  wheat-bread,  butter, 
a little  salt,  and  spring  water. 


Composition  op  Twenty-Four  Hours’  Urine  after  a Diet  op — 

Meat.  Bread. 


Entire  quantity 

1672 

c.cms.  . . 

1920 

c.cms 

Urea 

. . 67-2 

grms.  . . 

. . 20-6 

grms. 

Uric  acid  . . 

. . 1-398 

>»  • • 

0-253 

99 

Creatinin  . . 

..  2-163 

99  • • 

. . 0-961 

99 

K20 

. . 3-308 

99  • • 

..  1-314 

99 

Na20 

..  3-991 

99  • • 

. . 3 923 

99 

CaO 

. . 0-328 

99  • • 

. . 0-339 

99 

MgO 

. . 0-294 

99  • • 

. . 0-139 

99 

Cl  . . 

..  3-817 

99  • • 

..  4-996 

99 

S03* * 

. . 4-674 

99  • • 

..  1-265 

99 

P205 

. . 3-437 

99  • • 

..  1-658 

99 

Both  urines  had  a strong  acid  reaction.  If  we  calculate  the 
equivalent  of  the  strong  acids  and  bases,  we  find  that  in  both, 
the  sulphuric  acid  and  the  chlorine  suffice  by  themselves  to 
neutralize  all  inorganic  bases : 


3-308  KoO  = 2-177  Na20 
3-991  Na20  = 3-991  Na20 
0-328  CaO  = 0-304  Na20 
0-294  MgO  = 0-455  Na20 


3- 817  Cl  = 3-337  Na20 

4- 674  S03  = 3-622  Na.,0 


6-959  Na20 


6-987  Na20 

1-314  K20  = 0-865  Na20 
3-923  Na20  = 3-923  Na20 
0-339  CaO  = 0-376  Na20 
0-139  MgO  = 0-216  Na20 


5-380  Na20 


4-996  Cl  4-368  Na,0 
1-265  S03  = 0-980  Na'o 


5-348  Na20 


specimen.  I therefore  venture  to  communicate  these  analyses,  which  were 
undertaken  on  the  occasion  of  certain  experiments  relating  to  metabolism,  and 
which  have  not  yet  been  published. 

* The  entire  amount  of,  including  the  conjugated,  sulphuric  acid  was 
determined.  The  urine  was  boiled  with  hydrochloric  acid  and  chloride  of 
barium. 
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But,  in  addition  to  the  sulphuric  and  hydrochloric  acids,  the 
urines  contain  also  considerable  amounts  of  phosphoric  and 
uric,  besides  some  hippuric  and  oxalic,  acids.  It  would 
therefore  follow  that  they  contain  free  mineral  acids,  had  not 
the  organism  the  means  about  to  he  detailed  of  preventing 
the  occurrence  of  free  strong  acids  in  the  urine.  In  the 
first  place,  there  is  the  formation  of  ammonia.  In  the 

above  analyses  the  ammonia  has,  unfortunately,  not  been 
determined.  Normal  urine  generally  contains  from  0'4  to 
0’9  grm.  In  order  to  convert  the  P66  grm.  of  phosphoric 
acid  into  the  acid  ammonia  salt,  exactly  0'4  grm.  of  NH3 
suffice ; 0'8  grm.  of  ammonia  are  equivalent  to  3-44  grms.  of 
phosphoric  acid.  A second  mode  of  diminishing  the  acidity 
of  the  urine  consists  in  a portion  of  the  bibasic  sulphuric  acid 
being  converted  into  a monobasic  acid  by  union  with  aromatic 
combinations. 

Normal  urine  becomes  alkaline  only  after  a vegetable  diet 
containing  potash  salts  of  combustible  acids.  These  are 
largely  present  in  acid  fruits  and  berries  which  contain  the 
acid  potash  salts  of  tartaric,  citric,  malic,  and  other  organic 
acids.  After  combustion  of  the  acids,  the  potash  appears  in 
urine  as  a carbonate.  The  urine  exhibits  a strong  alkaline 
reaction,  and  effervesces  on  the  addition  of  acids.  Potatoes 
cause  a strongly  alkaline  urine,  because  they  contain  little 
albumen,  and  therefore  little  sulphuric  acid ; on  the  other 
hand,  they  contain  much  malate  of  potash,  which  is  con- 
verted into  a carbonate.  The  most  important  articles  of 
vegetable  diet,  the  cereals  and  the  leguminosse,  yield  urine 
which  is  as  acid  as  that  due  to  a diet  of  meat,  because  they 
are  rich  in  albumen  and  phosphates. 

These  observations  afford  some  hints  as  to  the  diet  of 
persons  who  are  predisposed  to  the  formation  of  uric  acid, 
gravel,  and  concretions  in  the  bladder.  I have  already  shown 
that  we  are  not  fully  acquainted  with  all  the  conditions  of  the 
precipitation  of  uric  acid ; but  we  do  know  that  the  acidity 
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of  the  urine  has  to  be  considered  as  well  as  the  amount 
of  uric  acid.  Patients  should  be  forbidden  food  rich  in 
albumen,  but  poor  in  bases  which  are  able  to  neutralize  the 
uric  and  sulphuric  acids  formed  from  the  albumen.  Cheese 
appears  to  me  in  this  respect  the  most  injurious  article  of 
food.  In  making  cheese,  the  basic  alkaline  salts  pass  into 
the  whey,  and  the  casein,  while  undergoing  combustion  in 
the  organism,  yields  large  quantities  of  uric,  sulphuric,  and 
phosphoric  acids,  which  are  not  sufficiently  neutralized  by 
bases.  In  certain  parts  of  Saxony,  as  in  Altenburg,  where 
the  people  eat  a great  deal  of  cheese,  uric  acid  calculi  are 
said  to  be  very  common.*  Calculus  is  rare  in  Switzerland, 
although  cheese  is  also  an  important  article  of  diet  there, 
probably  for  the  reason  that  a considerable  quantity  of  fruit 
is  eaten  at  the  same  time.  Salt  meat  and  salt  fish  also  yield 
a very  acid  urine  containing  much  uric  acid,  because,  in  the 
process  of  salting,  the  basic  salts  (basic  phosphates  and 
carbonates  of  the  alkalies)  pass  into  the  lye,  and  are  replaced 
by  neutral  chloride  o'f  sodium.  Russian  physicians  have 
informed  me  that  in  certain  districts  of  their  country,  the 
people  living  mainly  on  salt  fish  frequently  exhibit  uric  acid 
calculi.  If  it  be  desired  to  prevent  the  formation  of  uric  acid 
sediments,  or  to  dissolve  concretions  that  are  already  formed 
by  the  administration  of  alkalies,  it  is  more  sensible  to  advise 
the  use  of  fruits  and  potatoes  than  to  order  alkaline  mineral 
waters,  the  continued  use  of  which  may  produce  disturbances 
which  we  are  unable  to  estimate.  Because  the  combination 
of  uric  acid  and  lithia  is  more  soluble  in  water  than  its  com- 
bination with  soda  or  potash,  it  has  been  thought  necessary 
to  treat  the  uric  acid  diathesis  with  a few  decigrammes  of 
carbonate  of  lithia,  or  even  with  mineral  waters  containing 
one  centigramme  of  lithia  to  the  litre.  This  naive  idea 

* Lehmann,  “ Sitzungsber.  der  Ges.  f.  Natur-und  Heilkunde  zu  Dresden,” 
p.  56 : 1868 ; W.  Ebstein  (“  Die  Natur  und  Behandlung  der  Harnsteine,”  pp. 
145-156 : Wiesbaden,  1884)  gives  a full  account  of  the  geographical  distribution 
of  calculi. 
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simply  implies  ignorance  of  Berthollet’s  law.  We  know  that, 
in  solutions  of  bases  and  acids,  every  acid  is  distributed  to  all 
the  bases  in  proportion  to  their  quantity.  It  follows  that 
only  the  very  smallest  portion  of  uric  acid  will  combine  with 
the  lithia,  the  largest  proportion  combining  with  the  pre- 
ponderating quantity  of  soda,  which  we  introduce  as  chloride 
of  sodium.  The  largest  proportion  of  lithia  will  reappear  in 
the  urine,  united  with  the  chlorine  of  the  chloride,  with 
sulphuric  and  j>hosphoric  acids.  There  will  he  no  increase  in 
the  solubility  of  the  uric  acid. 

It  is  well  known  that  under  pathological  conditions  urine 
may  become  alkaline,  by  the  conversion  of  urea  into  carbonate 
of  ammonia.  This  change  always  takes  place  when  urine 
has  been  exposed  to  the  air  for  some  time,  and  is  effected 
by  certain  forms  of  bacteria.*  If  these  organisms  reach  the 
bladder,  the  conversion  may  begin  there,  the  urine  becomes 
alkaline,  and  the  alkaline  earths,  which  were  held  in  solution 
in  the  acid  urine,  are  precipitated  as  phosphate  of  lime  and 
triple  phosphate  of  magnesia.  In  this  way  urinary  calculi 
may  be  formed. 

We  have  now  become  acquainted  with  all  the  ingredients 
of  any  importance  constituting  normal  urine.  Of  the  in- 
numerable substances  which,  besides  these,  are  found  in 
small  quantities,  I will  describe  a few  so  far  as  we  have  any 
definite  knowledge  of  their  object  and  origin. 

First,  the  colouring  matters.  Physicians  have  long  ob- 
served the  remarkable  differences  in  the  colour  of  urine  under 


* P.  Cazcneuve  et  Ch.  Livon,  Compt.  rend.,  t.  lxxxv.  p.  571:  1877;  R.  vou 
Jaksch,  Zeitschr.  f.  physiol.  Chem.,  vol.  v.  p.  395  : 1881 ; W.  Leube,  Sitzungsber. 
d.  phys.  med.  Soc.  zu  Erlangen,  Nov.  10, 1884,  p.  4 ; and  Virchow’s  Arch.,  vol.  c.  p. 
540 : 1885.  The  ferment  may  be  extracted  from  the  bacteria,  but  during  life  they 
do  not  yield  it  to  the  surrounding  fluid  (Musculus,  Compt.  rend.,  t.  lxxviii.  p. 
132:  1874;  and  Pfliiger’s  Arch.,  vol.  xii.  p.  214:  1876;  A.  Sheridan  Lea,  Journ. 
of  Physiol.,  vol.  vi.  p.  136:  1885).  It  appears,  therefore,  that  in  the  conversion 
of  urea  into  carbonate  of  ammonia,  chemical  potential  energy  is  converted  into 
kinetic  energy,  and  this  kinetic  energy  is  used  in  the  vital  processes  by  the 
fermentative  organisms  (comp.  p.  185). 
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various  normal  and  pathological  conditions,  and  have  tried  to 
avail  themselves  of  these  differences  for  diagnostic  purposes. 
The  numerous  endeavours  to  isolate  the  colouring  matters 
and  to  study  their  properties  led  to  no  results,  because  the 
quantity  was  always  too  small.  We  have,  therefore,  been 
obliged  to  content  ourselves  with  applying  Greek  and  Latin 
names  to  these  numerous  colouring  matters,  with  which  I 
will  not  trouble  the  reader,  excepting  with  regard  to  the  only 
one  of  which  we  know  the  composition  and  mode  of  origin. 
I refer  to  urobilin,  which  was  discovered  by  Jaffe.*  He 
found  this  reddish  brown  colouring  matter  constantly  in 
normal  urine,  and  in  increased  quantities  in  febrile  urine. 
Its  absorption-spectrum  and  the  green  fluorescence  which 
its  ammoniacal  solution  assumes,  especially  after  the  addition 
of  chloride  of  zinc,  are  characteristic.  The  composition  of 
this  colouring  matter,  which  can  only  be  obtained  in  very 
small  quantities  from  urine,  would  not  have  been  known  had 
not  Maly  | succeeded  in  producing  it  artificially  by  the  action 
of  nascent  hydrogen  upon  bilirubin,  the  chief  colouring 
matter  of  bile.  This  fully  explains  the  invariable  presence  of 
urobilin  in  the  contents  of  the  intestine,  as  we  have  seen 
that  nascent  hydrogen  constantly  acts  there  upon  the  colouring 
matter  of  the  bile.  Human  fasces  are  coloured  brown  chiefly 
by  urobilin,  and  rarely  contain  any  unaltered  bile-pigment. 
It  is  quite  possible  that  the  urobilin  occurring  in  urine  is  also 
derived  from  the  intestine,  though  we  are  not  forced  to  this 
assumption,  as  urobilin  might  also  be  formed  in  other  organs. 
As  a matter  of  fact,  Jaffe  found  urobilin  in  human  bile. 
Hoppe- Seyler  J has  since  shown  that  urobilin  may  also  be 
formed  by  the  action  of  nascent  hydrogen  upon  haematin. 


* M.  Jaffe,  Virchow’s  Arch.,  vol.  xlvii.  p.  405  : 1869;  and  Central!),  f.  d.  med. 
Wissenscli.,  p.  241  : 1868  ; p.  177  : 1869;  and  p.  465  : 1871. 

f R.  Maly,  Centralh.  f.  d.  med.  Wissenscli.,  No.  54:  1871;  Annal.  d.  Chem. 
vol.  clxiii.  p.  77  : 1872. 

t Hoppe-Seyler,  Ber.  d.  deutsch,  chem.  Ges.,  vol.  vii.  p.  1065 : 1874. 
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We  thus  arrive  at  a simple  genetic  connection  between  the 
three  colouring  matters  * — 

Hsematin  . . . • • • • • C32H32N4O4F e 

Bilirubin  . . . . • • • • C32H36N406 

Urobilin  . . C32H.10lSf.tO7 

Indigo!  is  generally  regarded  as  belonging  to  the  urinary 
colouring  matters,  although  it  does  not  occur  as  such  in 
urine,  but  as  a colourless  combination,  as  an  alkaline  indoxyl - 
sulphate.J  If  concentrated  hydrochloric  acid,  with  an  oxidizing 
agent  like  chloride  of  lime  or  solution  of  bromine,  be  added 
to  urine,  the  conjugated  sulphuric  acid  is  split  up,  and  the 
indoxyl  is  oxidized  into  indigo — 

2C8H6NKS04  + 02  = C16H10N2O2  + 2HKSO4 

Indoxyl-sulphate  of  potash.  Indigo  blue. 

The  amount  of  indigo  thus  formed  is  generally  very  small, 
hut  is  rarely  entirely  absent  from  human  urine.  On  shaking 
the  colouring  matter  with  chloroform,  a beautiful  blue  solu- 
tion is  obtained. 

We  are  not  in  doubt  as  to  the  origin  of  indigo  in  the 
animal  body,  as  we  know  that  indol,  which  is  the  basis  of  the 
entire  indigo-group,  is  obtained  by  bacterial  putrefaction  of 
albumen,  and  is  uniformly  found  in  the  intestinal  contents. § 
The  reabsorbed  indol  is  oxidized  in  the  tissues  into  indoxyl. 
This  process  is  completely  analogous  to  the  conversion  of 
benzol  by  oxidation  into  phenol. 

* This  genetic  connection  is  more  fully  discussed  in  the  next  lecture,  as 
well  as  the  appearance  of  blood  and  bile  pigments  in  the  urine  under  pathological 
conditions. 

t On  the  synthesis  and  chemical  constitution  of  indigo,  vide  A.  Baeyer,  Ber. 
d.  deutsch,  chem.  Gea.,  vol.  xiii.  p.  2254 : 1880 ; and  vol.  xiv.  p.  1741 : 1881. 

X E.  Baumann  and  L.  Brieger,  Zeitachr.  /.  physiol.  Chem.,  vol.  iii.  p.  254 : 
1879.  The  older  literature  on  the  indigo-forming  substance  of  the  urine  is 
appended. 

§ S.  Rndziejewsky,  Du  Bois’  Arch.,  p.  37:  1870;  W.  Kühne,  Ber.  d. 
deutsch,  chem.  Gea.,  vol.  viii.  p.  206:  1875;  Nencki,  ibid.,  vol.  viii.  p.  336  : 1875; 
Salkowski,  Zeitachr.  f.  physiol.  Chem.,  vol.  viii.  p.  417;  and  vol.  lxxii.  p.  8 : 1884. 


360 


LECTURE  XVII. 


C8H7N  + 0 = C8Hc(OH)  n 
Indol.  Indoxyl. 

Indoxyl  combines,  like  most  of  the  aromatic  hydroxylized 
combinations  (phenol,  cresol,  pyrocatechin,  etc.)  with  sul- 
phuric acid,  undergoing  dehydration  (p.  277).  Jaffe  * showed 
that,  after  the  subcutaneous  injection  of  indol,  the  conjugated 
indoxyl  compound  reappears  copiously  in  the  urine. 

A larger  quantity  of  the  indoxyl  compound  has  been  found 
in  the  urine  in  intestinal  obstruction.  It  is  quite  possible 
that  this  occurrence  of  large  quantities  of  indigo  might  be 
utilized  for  diagnosis,  by  enabling  us  to  determine  in  which 
section  of  the  intestine  the  obstruction  had  taken  place.  Jaffe 
has  shown,  for  instance,  that  the  increase  in  the  secretion 
of  indoxyl  occurred  in  dogs  after  ligature  of  the  small,  but  not 
after  ligature  of  the  large,  intestine.  This  is  explicable  from 
the  fact  that  albumen,  which  yields  the  material  for  the 
formation  of  indol,  is  absorbed  before  reaching  the  large 
intestine.  When  the  small  intestine  is  ligatured,  the  albumen 
stagnates  and  undergoes  putrefaction.  Corresponding  with 
this,  Jaffe  has  observed  an  increased  excretion  of  the  in- 
doxyl compound  in  man  occurring  only  in  obstruction  of  the 
small,  but  not  of  the  large,  intestine.  This  is  explained  by 
the  fact  that  the  proteids,  which  furnish  the  indol  by  their 
putrefaction,  are  all  absorbed  before  they  reach  the  large 
intestine.  Similarly  Baumann  has  observed  an  increased 
excretion  of  the  indoxyl  compound  in  men  in  cases  of 
obstruction  of  the  small  intestine,  but  never  in  cases  of  fsecal 
obstruction  of  the  large  intestine. 

All  the  other  aromatic  combinations  which  occur  in  the 
urine  as  conjugated  sulphuric  acids,  arise,  like  the  indol,  from 
putrefaction  of  albumen  in  the  intestine.  Baumann  f has 

* M.  Jaffe,  Virchow’s  Arch.,  vol.  Ixx.  p.  72  : 1S77. 

t E.  Baumann,  “ Die  aromatischen  Verbindungen  im  Harne  und  die  Darm- 
fäulniss,”  Zeitachr.  f.  physiol.  Chem.,  vol.  x.  pp.  123-133  : 1886.  We  particularl) 
recommend  this  short  and  lucid  statement  of  Baumann’s  to  the  student. 
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shown  that  if  a dog’s  intestine  is  cleared  out  and  disinfected 
by  the  administration  of  calomel,  the  conjugated  sulphuric 
acids  entirely  disappear  from  the  urine.  If,  on  the  other 
hand,  the  putrefactive  processes  in  the  intestine  are  increased 
by  neutralizing  the  antiseptic  hydrochloric  acid  of  the  gastric 
juice  by  the  administration  of  calcium  carbonate,  we  get  an 
increased  amount  of  the  conjugated  sulphuric  acids  in  the 
urine.*  We  thus  see  that  an  estimation  of  these  acids  in 
the  urine  may  be  of  great  value  as  a means  of  diagnosis, 
since  we  gain  an  insight  into  the  intensity  of  the  putrefactive 
changes  in  the  alimentary  canal.  Thus,  for  example,  if  it 
be  wished  to  disinfect  the  intestine  previous  to  resecting  it, 
we  can  determine  when  this  is  effected,  by  noting  the  time 
when  the  conjugated  sulphuric  acids  disappear  from  the 
urine,  f 

The  question  now  arises,  where  and  in  what  organs 
does  the  conjugation  of  the  aromatic  compounds,  formed  in 
the  intestine,  with  sulphuric  acid  take  place  ? Thus  much 
is  certain,  that  it  does  not  primarily  take  place  in  the  kidney, 
for  after  the  administration  of  phenol,  phenolsulphuric  acid 
is  found  in  the  blood 4 

Phenol  is  a violent  poison,  but  the  phenol-sulphate  does 
not  exert  toxic  effects.  Baumann  therefore  recommends 
sulphate  of  soda  as  an  antidote  to  phenol-poisoning.  He 
found  that  when  phenol  was  applied  to  a dog’s  skin,  the 
animal  bore  the  poison  better,  and  yielded  more  phenol- 
sulphuric  acid  when  at  the  same  time  sulphate  of  soda  was 
administered.  This  would  not  be  intelligible  if  the  com- 
bination primarily  occurred  in  the  kidney. 

Baumann  found  much  more  conjugated  sulphuric  acid 
in  the  liver  than  in  the  blood.  This  renders  it  probable 

* A.  Kast,  “ Ueb.  d.  quantitative  Bemessung  der  antiseptischen  Leistung 
des  Magensaftes,”  Festschr.  z.  Eröffnung  d.  neuen  cdlg.  Krankenhauses  zu  Ham- 
burg-Eppendorf : 1889. 

t A.  Kast  und  H.  Baas,  Münchener  mcd  Wochenschrift , Jahrg  188S,  No.  4. 

X Baumann,  Püüger’s  Arch.,  vol.  xiii.  p.  285 : 1870. 
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that  the  synthesis  occurs  in  the  liver;  that  the  poisonous 
aromatic  combinations  reaching  it  from  the  intestine  are 
here  subject  to  a transformation  into  innocuous  com- 
binations before  entering  the  general  circulation  ( vide  Lecture 
XVIII.) . 

As  yet  we  have  only  become  acquainted  with  two  sorts  of 
combinations  of  sulphur  as  constituents  of  the  urine  : the  salts 
of  the  ordinary  hibasic  and  of  the  monobasic  conjugated 
sulphuric  acids.  The  quantity  of  sulphuric  acid  occurring 
in  the  latter  form  in  human  urine  averages  one-tenth  of 
the  amount  of  ordinary  sulphuric  acid.*  But  there  is  a 
much  larger  number  of  sulphur  compounds  in  the  urine. 
If  urine  acidulated  with  acetic  acid  is  precipitated  with 
chloride  of  barium,  the  ordinary  sulphates  are  precipitated. 
If  we  now  boil  the  filtrate,  rendered  strongly  acid  by  the 
addition  of  hydrochloric  acid,  the  conjugated  sulphuric  acids 
are  broken  up,  and  this  portion  of  sulphuric  acid  may  also  he 
precipitated  as  a salt  of  barium.  If  this  filtrate  is  now 
evaporated  to  dryness  and  fused  with  saltpetre,  we  again 
obtain  a considerable  amount  of  sulphuric  acid.  This  third 
group  of  sulphur  compounds  contains  from  10  to  20  per 
cent,  of  all  the  sulphur  excreted  in  human  mine.  In  dogs 
and  rabbits,  the  quantity  of  these  organic  combinations 
of  sulphur  is  much  larger.f  Let  us  now  consider  what  is 
really  known  about  these  organic  sulphur  compounds,  and 
their  relation  on  the  one  hand  to  albumen,  and  on  the  other 
to  sulphuric  acid. 

It  is  not  much  we  know,  but  we  will  endeavour  to  collect 
and  review  the  fragments  of  our  knowledge. 

We  are  compelled  to  assume  at  least  two  atoms  of  sulphur 

* R.  v.  d.  Velden,  Virchow’s  Arch.,  vol.  lxx.  p.  343:  1877. 

t See  Voit  and  Bisehoff,  “ Dio  Gesetze  der  Ernährung  des  Fleischfressers,” 
p.  279:  Leipzig,  1860;  Voit,  Zeitschr.  f.  Biolog.,  vol.  i.  p.  127:  1865;  vol.  x. 
p.  216:  Anm.  1874;  Salkowski,  Virchow’s  Arch.,  vol.  lviii.  p.  460:  1S73  ; Kunkel, 
Pflüger’ s Arch.,  vol.  xiv.  p.  344  : 187  i ; R.  Le'piuu,  Guerin  et  Flavard,  Revue  ile 
Mfd&iue,  vol.  i.  pp.  27,  911  : 1882. 
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in  a molecule  of  albumen,  one  oxidized  and  the  other  un- 
oxidized.* * * § If  we  heat  albumen  with  potash,  one  sulphur 
atom  goes  to  form  sulphide  of  potash,  the  other  forms  sulphate 
of  potash.  The  former  may  be  easily  recognized  on  boiling 
with  an  alkaline  solution  of  lead  oxide,  when  it  is  precipitated 
as  lead  sulphide.  The  proteids  such  as  casein,  the  proteid 
moiety  of  haemoglobin,  or  legumin,  which  are  poorer  in 
sulphur,  do  not  give  this  reaction.  Among  the  organic  decom- 
position-products of  albumen  in  the  animal  body,  we  meet 
with  the  oxidized  atom  of  sulphur  in  taurin,  with  the  un- 
oxidized in  cystin.  If  we  boil  the  cystin  with  an  alkaline 
solution  of  oxide  of  lead,  a black  sulphide  of  lead  is  thrown 
down.  Of  course,  taurin,  which  we  have  already  shown  to 
be  amido-ethylsulphonic  acid  (p.  209),  cannot  give  this  re- 
action. 

Cystin  has  the  formula  C3H6NS02.t  It  does  not  occur 
in  the  normal  organism.  X We  are  not  yet  acquainted  with 
the  abnormal  conditions  under  which  a large  amount  of  the 
sulphur  is  secreted  in  the  urine  as  cystin.  It  appears, 
however,  that  even  in  normal  metabolism,  in  the  course  of 
the  formation  of  sulphuric  acid  products,  a body  is  formed 
which  is  closely  allied  to  cystin,  and  is  distinguished  from  it 
only  by  an  additional  atom  of  hydrogen,  viz.  cystein.  A sub- 
stituted cystein,  for  instance,  appears  in  the  urine  of  dogs 
after  the  administration  of  brombenzol.  Baumann,  § to 
whom  we  are  indebted  for  the  most  searching  inquiries  into 

* The  latest  and  most  careful  researches  on  the  condition  of  the  sulphur  in 
proteids  have  been  carried  out  by  A.  Krüger  (Pflüger’s  Arch.,  vol.  xliii.  p. 
244:  1888).  Unfortunately,  Krüger  did  not  make  use  of  pure  material  for  his 
researches. 

t E.  Külz,  Zeitschr.  f.  Biolog.,  vol.  xx.  p.  1 : 1884. 

X Stadthagen,  Zeitschr.  f.  physiol.  Chem.,  vol.  ix.  p.  129:  1884. 

§ E.  Baumann  and  C.  Prcusse,  Ber.  d.  deutsch,  chem.  Ges.,  vol.  xii.  p.  806  : 1879  ; 
Zeilschr.  f.  physiol.  Chem.,  vol.  v.  p.  309:  1881;  M.  Jaffe,  Ber.  d.  deutsch,  chem. 
Ges.,  vol  xii.  p.  1092:  1879;  Baumann,  ibid.,  vol.  xv.  p.  1731:  1882;  Zeitsclir. 
f.  physiol.  Chem.,  vol.  viii.  p.  299 : 1884.  Vide  also  E.  Goldmann,  ibid.,  vol.  ix. 
p.  260 : 1884. 
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the  origin  of  cystin,  regards  it  as  a lactic  acid,  in  which  H is 
replaced  by  NH2,  and  the  OH  by  SH : 


The  substituted  cystein  which  appears  in  the  urine  after 
administration  of  brombenzol,  when  boiled  with  dilute  acids, 
is  broken  up,  with  hydration,  into  acetic  acid  and  brom- 
phenyl cystein : 


Baumann  obtained  cystein  from  cystin  by  the  action  of 
nascent  hydrogen.  The  oxygen  of  atmospheric  air  reconverts 
the  cystein  into  cystin. 


The  empirical  formula  of  cystin  must  therefore  be  doubled : 
CtiH12N2S204.  The  origin  of  cystin  in  the  animal  body  is 
probably  due  to  a synthetic  process,  and  possibly  two 
molecules  of  albumen  always  yield  the  material  for  the 
formation  of  one  molecule  of  cystin. 

The  formation  of  bromphenylcystein  would  accordingly 
be  a process  quite  analogous  to  that  of  cystin.  Here  again 
a divalent  oxygen  atom  takes  a hydrogen  atom  from  cystin 


CH3 


| \SH 

COOH 
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and  from  brombenzol,  and  effects  the  linking  of  the  liberated 
affinities : 


CH3 


ch3 


H2N— C— -SH  4-  0 +HC6H4Br  = H20  4-  H2N-C — S (C6H4Br) 


COOH 


COOH 


Cystin  does  not  dissolve  readily  in  water,  it  therefore 
always  occurs  in  urine  as  a sediment,  and  very  occasionally 
causes  the  formation  of  vesical  calculi.  There  are  some 
people  who  secrete  a large  quantity  (about  one-quarter)  of 
the  sulphur,  as  cystin,  without  exhibiting  any  derangement 
in  their  health.  This  rare  anomaly  of  metabolism  sometimes 
occurs,  probably  as  the  result  of  heredity,  in  several  members 
of  the  same  family.* 

Under  normal  conditions  cystin,  or  its  antecedent 
cystein,  breaks  up  still  further  and  is  oxidized,  and  the 
greater  portion  of  its  sulphur  appears  in  the  urine  as 
sulphuric  acid.  This  is  confirmed  by  an  experiment  made 
in  Baumann’s  laboratory  by  Goldmann. f He  gave  a little 
dog  2 grms.  of  cystein,  and  found  that  the  greater  portion, 
about  two-thirds,  appeared  as  sulphuric  acid  in  the  urine. 
The  remainder  had  served  to  increase  the  organic  sulphur 
compounds  in  the  urine.  This  view,  that  the  larger  portion 
of  the  sulphur  of  cystein  is  converted  by  oxidation  into  sul- 
phuric acid,  is  confirmed  by  the  fact  that  in  the  cystinuria 
of  man,  the  urine  has  generally  an  alkaline  or  feebly  acid 
reaction. 

We  know  little  positively  with  regard  to  the  fate  of  taurin 
[CH2(NH2)  — CH2SOaH].  I have  already  stated,  that  the 

* F.  W.  Beneke,  “Grundlinien  der  Pathologie  des  Stoffwechsels,”  p.  255: 
Berlin,  1874.  Compare  also  A.  Niemann,  Deutsch.  Arch.  f.  Min.  Med.,  vol. 
xviii.  p.  232:  187G;  W.  F.  Löbisch,  Liebig’s  Annal.,  vol.  clxxxii.  p.  231:  1876; 
W.  Ebstein,  “Die  Natur  und  Behandlung  der  Gicht,”  p.  130:  Wiesbaden,  1882; 
and  “Die  Natur  und  Behandlung  der  Harnsteine,”  p.  172:  Wiesbaden,  1884; 
Stadthagen,  Virchow’s  Arch.,  vol.  c.  p.  416:  1885. 

t E.  Goldmann,  Zeitschr.  /.  physiol.  Chern.,  vol.  ix.  p.  269 : 1885. 
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amount  of  sulphur  which  occurs  as  taurin  in  bile  constitutes 
only  a minute  portion  of  the  sulphur  of  the  decomposed 
albumen,  and  is  only  slightly  increased  if  more  albumen  is 
taken  (compare  p.  214).  It  is  questionable,  therefore,  whether 
a taurin  molecule  results  from  each  molecule  of  albumen.  In 
bile,  taurin  is  conjugated  with  cholalic  acid.  In  the  intestine, 
the  ferments  of  digestion  and  putrefaction  doubtless  cause  this 
compound  to  break  up  with  hydration.  We  do  not  know 
whether  the  liberated  taurin  is  absorbed  as  such,  or  after 
previous  change.  We  have  not  been  able  as  yet  to  prove  its 
presence  in  the  faeces  nor  in  the  urine.  No  satisfactory  results 
have  been  obtained  with  regard  to  the  further  destination  of 
taurin,  from  experiments  * consisting  in  its  artificial  intro- 
duction into  the  body.  If  large  quantities  of  taurin  are 
administered  to  man  or  dogs,  the  process  of  absorption  does 
not  take  place  slowly  enough  to  allow  of  its  complete  change 
into  the  normal  end-products ; one  portion  of  the  taurin 
appears  as  such  in  the  urine,  another  as  a substituted  urea : 


N 


H 

CHo-CHo-SCLH. 


The  presence  of  this  substituted  urea  has  not  as  yet  been 
positively  demonstrated  in  normal  urine.  In  the  rabbit,  it  is 
not  even  found  after  the  artificial  introduction  of  taurin. 
Almost  all  the  sulphur  of  the  taurin  reappears  as  sulphuric 
and  thiosulphuric  acid  in  the  urine  of  these  animals.  The 
conversion  into  thiosulphuric  acid,  however,  only  occurs  when 
the  taurin  is  introduced  into  the  stomach ; if  it  is  injected 
subcutaneously,  the  greater  part  reappears  unaltered  in  the 
urine.  The  thiosulphuric  acid  is  evidently  formed  by  the 

* E.  Salkowslri,  Der.  d.  deutsch,  ehern.  Ges.,  vol.  vi.  pp.  744, 1191,  1312  : 1S73 ; 
and  Virchow’s  Arch.,  vol.  lviii.  p.  460 : 1873. 
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processes  of  reduction,  taking  place  in  the  intestine.  In  the 
normal  urine  of  rabbits,  thiosulphuric  acid  has  not  been 
found,  though  it  occurs  frequently  in  that  of  cats  and  dogs.* 
In  human  urine,  it  has  only  been  once  found  in  typhus. f 

Sulphocyanic  acid,  X (CNSH),  also  belongs  to  the  sulphur 
compounds  occurring  in  the  urine.  Gscheidlen  found  these 
acids  constantly  in  human  urine,  and  in  that  of  horses, 
cattle,  dogs,  cats,  and  rabbits.  On  an  average,  one  litre  of 
human  urine  contained  0*02  grm.  Munk  found  the  average 
of  three  determinations  to  be  0-08  grm.  Sulphocyanates  were 
also  found  in  dogs’  blood.  Gscheidlen  proved  that  they  are 
derived  from  the  salivary  glands.  The  saliva  of  mammals 
invariably  contains  small  quantities  of  sulphocyanates. 
Gscheidlen  and  Heidenhain  divided  all  the  ducts  of  the 
salivary  glands  in  dogs,  and  thus  prevented  the  saliva  from 
entering  the  mouth.  The  alkaline  sulphocyanate  was  now 
found  to  have  disappeared  from  the  blood  and  the  urine; 
although  it  was  still  present  in  the  saliva  flowing  from  the 
wounds.  It  follows  that,  in  the  normal  condition,  sulphocyanic 
acid  is  formed  in  the  salivary  glands,  passes  with  the  saliva 
into  the  intestinal  canal,  whence  it  is  absorbed  into  the  blood 
and  appears  in  the  urine.  We  are  ignorant  as  to  the  significance 
of  these  small  quantities  of  sulphocyanic  acid  in  the  functions 
of  the  saliva,  or  in  any  other  processes  of  the  organism. 

Of  the  organic  constituents  of  the  urine,  only  those  which 
are  free  from  sulphur  and  nitrogen  remain  for  our  considera- 
tion. Lacttc  acid,  sugar,  and  oxalic  acid  belong  to  this  class. 
Lactic  acid,  however,  has  never  been  detected  with  certainty 
in  normal  urine.  It  has  only  been  found  in  phosphorus 

* O Schmiedeberg,  Arch.  d.  Hcille.,  vol.  viii.  p.  422  : 1867 ; Meissner,  Zeitschr. 
f.  rat.  Med.,  3 Reihe,  vol.  xxxi.  p.  322 : 1868. 

t Ad.  Strümpell,  Arch.  d.  Heillc.,  vol.  xvii.  p.  300 : 1876. 

I Leared,  Proa.  Boy.  Sue.,  vol.  xvi.  p.  18:  1870;  Gscheidlen,  “Tageblatt  d. 
47  Vers.  d.  Naturf.  u.  Aerzte  in  Breslau,”  p.  98:  1874;  nnd  Pdüger’s  Arcli.,  vol. 
xiv.  p.  401:  1877;  Külz,  “ Sitzungsber.  d.  Ges.  z.  Befördor.  d.  ges.  Natunv.  in 
Marburg,”  p.  76:  1875;  J.  Munk,  Virchow’s  Arch.,  vol.  lxix.  p.  354  : 1877. 
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poisoning,  atrophy  of  the  liver,*  osteomalacia,!  and  trichi- 
nosis. ! On  teleological  grounds,  we  must  doubt  whether 
lactic  acid  passes  into  normal  urine,  as  this  would  be  a waste 
of  potential  energy.  The  same  argument  applies  in  a still 
more  forcible  manner  to  sugar.  All  analyses  of  normal  urine 
have  the  more  positively  shown  the  absence  of  sugar,  the 
more  carefully  the  investigation  was  carried  out.  Even  those 
writers  who  assert  the  presence  of  sugar  in  normal  urine, 
admit  that  they  have  only  succeeded  in  finding  it  in  very 
minute  quantities.  § 

Oxalic  acid  is  a constant  ingredient  in  normal  human 
urine  after  a mixed  diet,  but  it  never  occurs  except  in  very 
small  quantity,  at  most  0-02  grin,  in  twenty-four  hours’  urine.  || 
This  oxalic  acid,  in  all  probability,  arises  from  the  oxalic  acid 
which  is  contained  in  the  vegetable  articles  of  food.  There 
is  at  present  no  sufficient  reason  for  assuming  any  other 
source  for  the  oxalic  acid  of  normal  urine.  I was  unable  to 
detect  any  oxalic  acid  in  the  urine  of  a young  man  in  good 
health  after  two  days’  exclusive  diet  of  meat,  nor  in  the 
mine  of  another  healthy  young  man  after  he  had  eaten 
nothing  hut  fat  meat  and  sugar.  If  It  therefore  appears  that 
oxalic  acid  does  not  normally  arise  from  any  of  the  three 

* Schultzen  and  Riess,  Annalen  des  Charite-Krankenhauses,  vol.  xv. : 1869. 

f Moers  and  Muck,  Deutsch.  Arcli.  f.  Min.  Med.,  vol.  v.  p.  4S5 : 1869.  The 
method  of  testing  used  in  this  experiment  w as,  however,  unsatisfactory.  Compare 
the  critique  of  Nencki  and  Sieber,  Journ.  f.  -prahl.  Ghern.,  vol.  xxvi.  p.  41 : 1882. 

J Th.  Simon  und  F.  Wibel,  Tier.  d.  deutsch,  client.  Ges.,  vol.  iv.  p.  139 : 1871. 

§ In  this  connection  see  E.  Külz,  Pflüger’s  Arch.,  vol.  xiii.  p.  269 : 1876 ; 
M.  Abeles,  Centralb.  f.  d.  med.  Wissensch.,  Nos.  3,12,  22;  1879;  J.  Seegen,  ibid., 
Nos.  8,  16 ; Regulus  Moscatelli,  Moleschott’s  Unters,  zur  Naturlehre  des  Menschen 
u.  d.  Th.,  vol.  xiii.  p.  103 : 1881.  L.  v.  Udranszky,  Zeitschr.  f.  physiol.  Cliem.,  vol. 
xii.  p.  377  : 1888 ; and  Bericht,  d.  naturforsch.  Gesellsch.  z.  Freiburg,  i.  B.,  vol.  iv. 
part  v. : 1889.  Compare  the  works  quoted  on  pp.  281,  282,  on  glycuronic  acid. 

||  P.  Fürbringer,  Deutsch.  Arch.  f.  Min.  Med.,  vol.  xviii.  p.  143:  1876;  An 
account  of  the  literature  on  the  excretion  of  oxalic  acid  is  given  here.  Fürbringer 
adopted  Neubauer’s  method.  O.  Schultzen  (Du  Bois’  Arch.,  p.  719:  1868) 
found  higher  values  by  employing  another  method.  A critique  of  both  methods 
is  given  by  Wesley  Mills,  whose  researches  on  the  subject  were  carried  out  under 
Salkowski,  Virchow’s  Arch.,  vol.  xcix.  p.  305:  1885. 

1 I made  use  of  Neubauer’s  method  in  testing  for  it. 
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main  classes  of  food.  But  the  oxalic  acid  contained  in 
vegetable  articles  of  diet  must  pass  into  the  urine.  The 
latest  experiments  carried  out  by  Gaglio  * in  Schmiedeberg’s 
laboratory  at  Strasburg,  show  that  oxalic  acid  is  not  de- 
stroyed in  the  human  body.  No  oxalic  acid  was  excreted 
either  by  a dog  that  was  starving  or  by  one  that  was  fed  on 
meat.f  But  if  only  from  £ to  1 mgrm.  of  oxalic  acid  or  of 
oxalate  of  soda  was  injected  subcutaneously,  the  presence  of 
oxalic  acid  was  demonstrated  in  the  urine  within  the  next 
twenty-four  or  forty-eight  hours.  If  a neutral  solution  of 
oxalate  of  soda  was  injected  into  the  crop  of  a cock,  nearly 
all  the  oxalic  acid  was  found  in  the  discharge  of  the  cloaca. 

It  seems,  however,  that,  under  abnormal  conditions,  J oxalic 
acid  may  appear  as  the  result  of  metabolism,  owing  to  an 
imperfect  oxidation  of  articles  of  diet.  Medical  literature  con- 
tains numerous  cases  illustrating  increased  excretion  of  oxalic 
acid  in  jaundice,  scrofula,  hypochondriasis,  and  other  diseases. 
We  even  find  oxaluria  spoken  of  as  an  independent  disease. 
But  we  seek  in  vain  for  trustworthy  quantitative  determina- 
tions, with  due  consideration  of  the  constituents  of  the  food. 
The  conditions  underlying  the  occurrence  of  oxalic  acid  in  the 
urine  have  great  practical  interest,  because  oxalic  acid  may 
lead  to  the  formation  of  calculi.  The  lime  salt  of  this  acid 
is  well  known  to  he  insoluble  in  water;  hence  this  salt  is 
frequently  to  he  found  in  urinary  sediments  in  the  well- 

* Gaetano  Gaglio,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  xxii.  p.  246:  1887. 

t In  contradiction  to  this  account  of  Gaglio’s,  we  find  it  stated  by  W.  Mill 
(Virchow's  Arch.,  vol.  xcix.  p.  305:  1885)  that  he  detected  minute  quantities 
of  oxalic  acid  in  the  urine  of  dogs  fed  exclusively  on  meat  or  on  meat  and 
bacon. 

J In  this  respect,  we  should  note  the  statements  of  Gaglio,  who  uniformly 
found  oxalic  acid  in  the  urine  of  frogs,  when  he  arrested  their  muscular  move- 
ments by  destruction  of  the  spinal  cord,  by  paralyzing  poisons,  or  by  mere 
fixation  (“Giornale  della  R.  acead.  di  mod.  di  Torino,”  p.  178:  1883);  and  also 
those  of  Hammerbaclier,  who  found  the  excretion  of  oxalic  acid  increased  in  dogs 
after  the  administration  of  bicarbonate  of  soda  (Pfliiger’s  Arch.,  vol.  xxxiii. 
p.  89 : 1883).  This  effect  of  bicarbouate  of  soda  was  not  confirmed  by  Fiirbringer 
in  man. 
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known  octahedral  form.  If  the  oxalate  is  precipitated  in  the 
bladder,  it  may  lead  to  the  formation  of  vesical  calculi. 
The  solution  of  oxalate  of  lime  in  the  urine  depends  mainly 
on  its  acidity.  A solution  of  acid  phosphate  of  soda  dissolves 
oxalate  of  lime.*  We  can  thus  explain  how  it  is  that  oxalate 
calculi  sometimes  form  under  similar  conditions  as  phos- 
phatic  calculi,  and  that  occasionally  vesical  calculi  consist 
of  both  ingredients,  mixed  up  together  or  in  concentric 
layers.  I wish  again  to  lay  stress  on  the  fact  that  increase 
in  the  sediment  of  oxalate  of  lime  does  not  justify  the  in- 
ference that  there  is  an  increased  secretion  of  oxalic  acid. 
This  erroneous  conclusion  has  led  to  many  mistakes. 

* C.  Neubauer,  Arch,  des  Vereins  für  gemeinschaftliche  Arbeiten  zur 
Förderung  der  wissenschaftlichen  Heilkunde,  vol.  iv.  pp.  16,  17:  1858;  and 
Moddermann,  Nederl.  Tijdsehr. : 1864,  summarized  in  Schmidt’s  Jahrbücher  der 
gesammten  Med.  Jahrg.,  vol.  cxxv.  p.  145:  1865. 
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LECTUEE  XVIII. 

METABOLISM  IN  THE  LIVER FORMATION  OF  GLYCOGEN. 

We  now  approach  one  of  the  most  involved  and  difficult 
subjects  in  the  whole  range  of  physiological  chemistry:  the 
changes  occurring  in  the  liver. 

Like  the  kidney,  the  liver  has  to  fulfil  the  function  of 
maintaining  the  uniform  composition  of  the  blood.  While 
the  kidney  removes  all  superfluous  and  foreign  ingredients, 
the  liver  revises  everything  before  it  enters  the  blood.  For 
this  reason,  it  is  interposed  in  the  current  that  passes  from 
the  intestine  to  the  heart.  We  have  seen  how  it  guards 
against  the  blood  being  overwhelmed  with  sugar,  while,  on 
the  other  hand,  it  prevents  a deficiency  of  this  important 
article  of  nutrition  in  the  blood  (pp.  219-220).  We  have  also 
seen  that  it  is  constantly  converting  ammonia,  which  is  a 
virulent  poison,  into  harmless  combinations,  such  as  urea  and 
uric  acid  (pp.  326,  344).  Similarly,  the  liver  converts  the 
equally  poisonous  aromatic  products  of  putrefaction,  which 
originate  from  the  proteids  in  the  intestine,  into  harmless 
compounds,  by  conjugation  with  alkaline  sulphates  (pp. 
360-362).  We  also  know  that  many  poisons,  especially 
metals,  are  arrested  in  the  liver. 

It  also  appears  that  the  system  of  innervation  of  the 
liver  is  identical  with  that  of  the  kidney.  We  have  not 
hitherto  been  able  to  prove  a direct  influence  of  nerves  upon 
the  hepatic  cell.  The  functions  of  the  liver,  like  those  of 
the  kidney,  are  regulated  directly  by  the  composition  of  the 
blood.  This  fact  also  indicates  that  the  chief  duty  of  the 
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liver  consists  in  regulating  the  composition  of  the  blood 
(compare  p.  352). 

In  addition  to  this  function,  the  liver,  as  we  have  already 
seen,  performs  that  of  secreting  bile.  We  have  already 
mentioned  the  grounds  for  our  belief  that  bile  is  not  merely 
an  accidental  product  which  is  excreted  during  the  essential 
changes  taking  place  in  the  liver,  and  removed  by  the  in- 
testine, but  that  it  is  a secretion  which  performs  important 
duties  in  the  processes  occurring  in  the  bowel  (vide  supra, 
pp.  207,  213-217). 

All  these  facts  tend  to  show  that  the  liver,  the  largest  of 
all  glands,  is  the  seat  of  numerous  and  complicated  chemical 
changes.  It  has  been  hoped,  by  comparing  the  composition 
of  the  inflowing  and  outflowing  blood,  to  obtain  an  insight 
into  these  processes,  or  at  least  to  suggest  certain  fruitful 
inquiries.  Numerous  comparative  analyses  have  been  made 
of  the  blood  in  the  portal  and  hepatic  veins.*  But  when  we 
consider  how  large  a quantity  of  blood  passes  through  the 
liver,  and  how  trifling  the  amount  of  bile  and  lymph  formed  is 
in  comparison,  we  can  scarcely  expect  to  be  able  to  demonstrate 
marked  differences  in  the  composition  of  the  inflowing  and 
outflowing  blood.  It  is  probable  that  the  differences  in  the 
analyses  of  the  blood  of  the  portal  and  hepatic  veins  are  due 
to  experimental  errors,  for  they  have  been  smaller  in  propor- 
tion to  the  care  bestowed  on  the  analyses,  and,  in  the  most 
reliable  determinations,  are  within  the  limits  of  unavoidable 
errors. 

There  is  only  one  article  of  diet  which  we  should  expect  to 
find  increased  in  the  portal  blood  during  digestion,  i.e.  sugar. 
While  food  rich  in  carbohydrates  is  undergoing  digestion,  such 
large  quantities  of  sugar  are  absorbed  in  a brief  period  that, 
if  they  are  retained  in  the  liver,  the  portal  blood  must  contain 

* C.  Flügge  gives  a critical  account  of  these  works,  Zeitschr.  f.  Biolog.,  vol. 
xiii.  p.  133 : 1377 ; compare  also  W.  DrosdolF,  Zeitschr.  f.  physiol.  Ghem.,  vol.  i. 
p.  233 : 1877. 
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more  sugar  than  the  remaining  blood.  This  fact  has  been 
proved,  as  I have  already  mentioned  (vide  supra,  p.  219). 

Another  method  of  obtaining  an  insight  into  the  pro- 
cesses occurring  in  the  liver  would  consist  in  extirpating  that 
organ,  or  at  least  in  isolating  it  from  the  circulation  of  the 
blood,  and  noticing  what  changes  take  place  in  consequence 
in  the  animal  metabolism.  In  this  way  we  might  hope,  in 
the  first  instance,  to  decide  whether  the  constituents  of  bile, 
the  biliary  acids  and  pigments,  are  formed  in  the  liver  or  are 
conveyed  to  it  by  the  blood.  If  the  latter  were  the  case,  the 
liver  would  be  only  an  excretory  organ,  and  its  extirpation 
would  cause  an  accumulation  of  the  biliary  constituents  in 
the  blood  and  in  the  organs. 

We  have  already  seen,  when  discussing  the  question  as 
to  the  locality  of  the  formation  of  hippuric  acid,  that  frogs 
survive  the  extirpation  of  the  liver  for  several  days,  but  the 
experiments  which  have  been  carried  out  with  reference  to 
the  present  question,  have  been  inconclusive,  because  the 
inquirers  were  unable  to  overcome  the  difficulties  which 
present  themselves  in  the  endeavour  to  demonstrate  the 
constituents  of  bile  in  the  organs  of  the  frog.* 

I have  already  repeatedly  mentioned  that,  on  account  of 
the  accumulation  of  blood  in  the  portal  system  after  extirpa- 
tion or  isolation  of  the  liver  in  mammals,  this  operation  has 
not  as  yet  been  successful  in  them  (p.  314).  In  discussing 
the  formation  of  uric  acid,  we  have  seen  that  this  difficulty 
does  not  present  itself  in  birds,  owing  to  their  possessing  a 
normal  communication  between  the  portal  and  renal  veins 
(p.  343).  Naunyn,  Stern,  and  Minkowski  have  utilized  this 
circumstance,  in  order  to  determine  the  question  as  to  the 
seat  of  the  formation  of  the  biliary  constituents  in  birds. 

* These  experiments  are  criticized  by  Hans  Stem,  Arch.  f.  exper.  Path.  u. 
Pharm.,  vol.  xix.  pp.  42-44:  1885.  None  of  the  experimenters  has  proved,  by 
control-experiments,  that  he  can  demonstrate  small  quantities  of  biliary  con- 
stituents in  frogs’  tissue. 
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Stern  * ligatured  the  bile-ducts  and  all  the  vessels  passing 
to  the  liver  in  pigeons,  including  not  only  the  portal  vein 
and  the  hepatic  artery,  but  also  the  small  veins.  After 
from  ten  to  twenty-four  hours,  the  animals  were  bled  to 
death.  No  secretion  of  urine  had  taken  place  after  the 
operation,  as  renal  activity  always  ceases  in  pigeons  after 
ligaturing  the  liver. f If  the  biliary  constituents  were  formed 
outside  the  liver,  they  would  now  accumulate  in  the  blood 
and  in  the  tissues,  as  they  would  have  no  exit.  Stern  paid 
special  attention  to  the  biliary  pigment,  which  is  easily  de- 
monstrable ; but  it  was  nowhere  to  be  found,  not  even  in 
the  serum,  on  the  application  of  Gmelin’s  very  delicate  test, 
nor  in  any  tissues  or  organs ; there  was  no  icteric  discoloura- 
tion anywhere.  On  the  other  hand,  if  in  pigeons  the  bile- 
ducts  only  were  ligatured,  biliary  pigment  was  found  after 
an  hour  and  a half  in  the  urine,  and  with  perfect  certainty 
in  the  serum  after  five  hours.  It  follows,  from  these  valuable 
inquiries,  that  the  colouring  matter  of  bile  is  formed  in  the 
liver. 

The  same  applies  to  biliary  acids.  This  has  already 
been  proved  by  an  inquiry  carried  out  by  Fleischl  % in  Lud- 
wig’s laboratory.  Biliary  acids  cannot  be  shown  to  exist  in 
normal  blood.  § If  the  bile-duct  be  ligatured,  the  biliary 
constituents  pass  into  the  lymphatics  of  the  liver,  and 
thence  direct  through  the  thoracic  duct  into  the  blood.  If, 
after  ligaturing  the  bile-duct,  a canula  be  introduced  into  the 
thoracic  duct,  so  as  to  collect  the  chyle,  bile-acids  may  be 

* Hans  Stern,  Arcli.  f.  exper.  Path.  u.  Pharm.,  vol.  xix.  p.  39:  1885. 

f Fowls,  ducks,  and  geese  continue  to  secrete  urine  after  the  liver  has  been 
ligatured  and  extirpated  (Minkowski  and  Naunyn,  Arch.  f.  exper.  Path.  u. 
Pharm.,  vol.  xxi.  p.  3 : 1886). 

X E.  Fleischl,  Per.  d.  7c.  sächs.  Ges.  d.  Wissensch.,  Math,  physikal.  Classe, 
Sitzung  vom  8 Mai,  p.  42 : 1874.  Vide  also  Kufferath,  Du  Bois’  Arch.,  p.  92 : 
1880. 

§ We  must,  however,  assume  that  traces  of  biliary  acids  do  occur  in  normal 
blood,  as  they  are  absorbed  from  the  intestine.  Dragendorff  ( Zeitschr . f.  anal. 
Cliem.,  vol.  xi.  p.  467 : 1872 ;)  aud  Joh.  Hone  (Dissert.  : Dorpat,  1873)  found 
traces  in  normal  human  uriue. 
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shown  to  he  contained  in  it.  If  the  bile-duct  and  the 
thoracic  duct  be  ligatured  at  the  same  time,  the  latter  becomes 
distended  with  lymph,  hut  no  trace  of  bile-acids  can  be  found 
in  the  blood. 

The  observations  of  Minkowski  and  Naunyn*  perfectly 
harmonize  with  the  results  obtained  by  TTeischl,  as  the 
former,  after  shutting  out  the  liver  from  the  circulation,  were 
never  able  to  prove  the  existence  of  bile-acids  in  the  blood. 

We  are,  therefore,  certain  that  the  specific  constituents 
of  the  bile-acids  and  pigments  are  formed  in  the  liver. 

We  now  come  to  the  question  as  to  the  origin  of  the 
specific  biliary  constituents.  With  regard  to  the  biliary 
acids,  their  nitrogenous  moieties,  glycocoll  and  taurin,  are 
doubtless  derived,  as  I have  already  shown  (pp.  209,  363), 
from  albumen.  Cholalic  acid,  which  is  non-nitrogenous,  does 
not  necessarily  originate  in  the  same  material.  It  is  con- 
ceivable that  it  may  be  derived  from  another  source,  and 
subsequently  combine  with  the  nitrogenous  compounds  by  a 
process  of  synthesis,  with  loss  of  water ; this  would  be 
entirely  analogous  to  the  mode  of  formation  of  hippuric  acid. 
We  should  note  the  small  amount  of  hydrogen  contained  in 
cholalic  acid  (pp.  208,  209).  If  it  he  formed  from  fats  or 
carbohydrates,  the  carbon  atoms  of  the  molecule  must  become 
linked  by  two  bonds  of  affinity  instead  of  one,  as  in  the  case 
of  these  two  classes.  This  would  only  be  a further  proof  that 
syntheses  occurring  in  the  animal  are  as  complicated  as  those 
occurring  in  the  vegetable  cell. 

The  colouring  matter  of  bile,  bilirubin  (vide  p.  210), 
almost  certainly  arises  from  the  colouring  matter  of  the  blood, 
hsematin.  The  following  facts  support  this  view. 

Biliary  pigments  are  only  found  in  animals  whose  blood 
contains  haemoglobin,  i.e.  the  vertebrata.  The  invertebrata 
have  not  hitherto  been  shown  to  possess  them.  It  might  be 

* Minkowski  and  Naunyn,  Arch.  /.  exper.  Path.  u.  Pharm.,  vol.  xxi.  p.  7 : 
1886. 
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objected  that  this  depends  upon  some  other  peculiarity  of  the 
vertebrata,  as  blood-cells  containing  haemoglobin  are  not  the 
sole  feature  which  distinguishes  the  vertebrata  from  the  in- 
vertebrata.  With  regard  to  this,  it  is  interesting  to  observe 
that  the  amphioxus,  which  has  no  red  blood-corpuscles,  but 
which,  from  its  whole  structure,  belongs  to  the  vertebrata, 
forms  no  bile-pigment.  Hoppe- Seyler  * * * § has  searched  for 
it  without  success.  It  is  well  known  that  the  liver  of  the 
amphioxus  is  a mere  caecal  appendage  of  the  intestine,  the 
gland  being  only  indicated  as  in  the  embryos  of  the  higher 
vertebrata. 

It  is  almost  certain  that  there  is  a genetic  relation 
between  bile-pigments  and  haematin,  if  we  compare  their 
constituents  (compare  pp.  58-59,  210,  250) : 

Haematin  . . . . . . C32H32N404Fe. 

Bilirubin  . . . . . . C32H36N406. 

Biliverdin  . . . . . . C32H36N408. 

The  following  fact  may  also  be  brought  forward  as  an 
argument : in  extravasations  of  blood,  the  colouring  matter  of 
the  blood  disappears,  and  in  place  of  it  we  find  a crystallized 
pigment,  which  Virchow  f was  the  first  to  examine  carefully, 
and  named  haematoidin.^;  The  same  writer  pointed  out  its 
resemblance  to  bile-pigment. § Subsequently  Bobin,||  Jafie,1T 
and  Salkowski  **  proved  the  identity  of  haematoidin  and  bili- 
rubin. Langhans  tt  took  the  blood  from  the  vein  of  a living 
pigeon  and  injected  it  under  the  skin  of  the  same  animal; 
after  two  or  three  days  the  colouring  matter  of  the  blood 

* Hoppe-Seyler,  Pfiiiger’s  Arcli.,  vol.  xiv.  p.  399  : 1S77. 

t Virchow  in  his  Arch.,  vol.  i.  pp.  379,  407  : 1S47. 

X Virchow,  loc.  cit.,  p.  445. 

§ Ibid.,  loc.  cit.,  p.  431. 

||  Robin,  Compt.  rend.,  t.  xli.  p.  506  : 1855.  Robin  obtained  3 grms.  of  hsema- 
toidin  crystals  from  an  hepatic  cyst,  and  analyzed  them. 

H Jaffe,  Virchow’s  Arch.,  vol.  xxiii.  p.  192  : 1S62. 

**  E.  Salkowski,  Hoppe-Seyler’s  Med.  Chem.  Unters.,  Heft  iii.  p.  436:  1S68. 

tt  Th.  Langhans,  Virchow's  Arch.,  vol.  xlix.  p.  66:  1870. 
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had  disappeared  from  the  subcutaneous  clot,  and  was 
replaced  by  bilirubin  and  biliverdin.  Quincke  * * * § performed 
the  same  experiment  on  dogs.  In  this  case  the  conversion 
occupied  more  time ; the  bilirubin  did  not  appear  in  the 
subcutaneous  injection  before  the  ninth  day.  Cordua  t 
injected  blood  into  the  abdominal  cavity  of  dogs,  and  found 
bilirubin  after  so  short  a time  as  thirty-six  hours.  Finally, 
Recklinghausen  } has  seen  bile-pigment  formed  in  the  blood 
of  frogs  outside  the  body,  after  from  three  to  ten  days. 

Our  clinical  experience  entirely  accords  with  these  experi- 
ments upon  animals,  for  we  see  that  after  haemorrhages  under 
the  most  varied  conditions  (in  cerebral  haemorrhage,  in 
pulmonary  infarcts,  in  haematocele,  in  extravasations  depend- 
ing upon  mechanical  injury,  in  abdominal  haemorrhages 
consequent  upon  extrauterine  pregnancy,  in  rupture  of  the 
ovary,  etc.),  urobilin  {vide  p.  358),  the  product  of  the  con- 
version of  bilirubin,  occurs  in  large  quantities  in  the  urine. § 

Bilirubin  is  sometimes  found  in  the  urine,  if  from  any 
cause  haemoglobin  passes  out  of  the  blood-corpuscles  into 
the  plasma.  This  may  be  brought  about  by  the  injection  of 
water  in  large  quantity,  of  chloroform,  ether,  or  glycerin, 
into  the  blood,  or  merely  by  the  injection  of  a solution  of 
haemoglobin.il  It  may,  however,  be  questioned  whether  the 
relation  is  as  simple  as  it  appears,  and  whether  the  bile- 
pigment  occurring  in  the  urine  is  formed  from  the  haemo- 


* H.  Quincke,  Virchow’s  Arcli.,  vol.  xcv.  p.  125:  1881. 

t Herrn.  Cordua,  “ Ueber  den  Resorptionsmechanismus  von  Blutergüssen  : ” 
Berlin,  Hirscliwald,  1877. 

I Recklinghausen,  “ Handbh.  der  allgem.  Patholog.  d.  Kreislaufes  und  der 
Ernährung,”  p.  431 : Stuttgart,  Enke,  1883. 

§ E.  von  Bergmann,  “Die  Hirnverletzungen  mit  allgemeinen  und  mit 
Herdsymptomen,”  in  R.  Volkmann’s  Sammlung  klinischer  Vorträge,  No.  190  : 
Leipzig,  Breitkopf  and  Härtel,  1881 ; B.  Dick,  Arch.  f.  Gynäkologie,  vol.  xxiii. 
p.  1 : 1884. 

||  Kühne,  Virchow’s  Arch.,  vol.  xiv.  p.  338:  1858.  M.  Hermann,  “De 
effeotu  sanguinis  diluti  in  secretionem  urinae,”  Dissert  inaug.  : Beroliui,  1859. 
Nothnagel.  Be.rl.  klin,  Wochcnschr,  p.  31 : 1866.  Tarckauoff,  Plluger’s  Arch.,  vol. 
ix.  p.  53  : 1874. 
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globin  that  has  passed  into  the  plasma  within  the  circulation. 
The  connection  is  probably  one  of  an  indirect  character.* 
The  presence  of  haemoglobin  in  the  plasma  sometimes 
only  causes  haemoglobinuria,  sometimes  both  haemoglobinuria 
and  bilirubinuria,  or,  again,  bilirubinuria  alone ; sometimes 
neither  of  these  occurs.  We  have  not  yet  satisfactorily 
settled  the  conditions  under  which  the  unaltered  colouring 
matter  of  blood  or  its  product  is  found  in  the  urine. 

We  have  seen  that  bile-pigment  is  normally  formed  in 
the  liver,  but  the  observations  made  upon  extravasations  of 
blood  show  that  in  abnormal  conditions  it  may  also  arise 
elsewhere.  Hence  it  has  been  asked  whether  the  bile- 
pigment  occurring  in  jaundice  is  invariably  formed  in  the  liver. 
The  most  frequent  cause  of  jaundice,  which  is  characterized 
by  the  appearance  of  bile-pigment  in  the  tissues  and  in  the 
urine,  is  well  known  to  be  a narrowing  or  a complete  occlusion 
of  the  bile-ducts.  This  generally  occurs  at  the  orifice  of  the 
common  bile-duct,  in  consequence  of  catarrh  of  the  duodenum, 
or  from  the  presence  of  biliary  calculi,  tumours,  and  the  like. 
In  this  way  the  bile  is  blocked  up,  and  reaches  the  lymphatics 
of  the  liver,  passes  into  the  blood  through  the  thoracic  duct, 
and  thus  into  all  the  tissues  and  the  urine.  We  term  this 
form,  obstructive,  mechanical,  or  hepatogenous  jaundice.  In 
contrast  to  this,  an  an-hepatogenous,  hsematogenous,  or 
chemical  jaundice  f has  been  assumed,  which  was  attributed 
to  a conversion  of  the  colouring  matter  of  blood  into  bile- 
pigment  outside  the  liver.  A case  was  assigned  to  the  latter 
class  when  no  definite  lesions  could  be  discovered  in  the  liver, 
and  when,  the  flow  of  bile  into  the  intestine  being  apparently 
unchecked,  the  faeces  did  not  exhibit  the  “ clay  colour  ” 
characteristic  of  jaundice  (compare  p.  215) ; moreover, 

* Vide  E.  Stadelraann,  Arch,  f.exper.  Path.  u.  Pharm.,  vol.  xv.  p.  337  : 1882. 

t II.  Quincke,  Virchow’s  Arch.,  vol.  xcv.  p.  125  : 1881.  Minkowski  and 
Naunyn,  Arch.  f.  exp.  Path.  u.  Phurm.,  vol.  xxi.  p.  1 ; 1886.  A critical  account 
of  the  comprehensive  literature  on  the  various  forms  of  jaundice  is  given  by 
these  authors. 
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certain  forms  of  poisoning,  as  from  arseniuretted  hydrogen, 
chloroform,  ether,  fungi,  and  certain  severe  infective  diseases, 
like  typhus,  malaria,  pyasmia,  gave  countenance  to  this 
view.  In  many  of  these  cases,  a passage  of  haemoglobin 
from  the  blood-corpuscles  into  the  plasma  could  be  directly 
shown  under  the  microscope.  Stromata  were  also  occasionally 
found  in  the  blood,  and  haemoglobin  was  seen  to  pass  into 
the  urine.  It  was,  therefore,  considered  that  in  these  cases 
a portion  of  the  haemoglobin,  which  had  passed  into  the 
plasma,  had  been  converted  into  bilirubin  outside  the  liver. 

One  might  have  expected  to  be  able  to  distinguish  the  two 
forms  of  jaundice  by  the  passage  of  the  biliary  acids  into  the 
urine,  together  with  the  bile-pigments  in  obstructive  but  not 
in  haematogenous  jaundice.  But  it  is  manifest  that  the  bile- 
acids  are  speedily  destroyed  after  their  passage  into  the  blood; 
even  in  undoubted  obstructive  jaundice,  their  presence  in  the 
urine  can  sometimes  not  be  traced.  On  the  other  hand,  they 
are  sometimes  discovered  in  small  quantities  in  normal  urine 
(compare  p.  374,  note  §).  Large  quantities  of  bile-acids  in  the 
urine  certainly  allow  us  to  conclude  that  we  have  to  do  with 
obstructive  jaundice;  but  their  absence  does  not  justify  the 
inference  that  we  have  to  deal  with  the  haematogenous  form. 

More  recent  research  has  proved  that  there  is  not  at 
present  any  sound  basis  for  the  conclusion  that  the  bile- 
pigment  occurring  in  jaundice  has  any  other  source  than  the 
liver. 

Minkowski  and  Naunyn  * removed  the  liver  of  a goose, 
and  immediately  exposed  it  and  a healthy  goose  to  the 
influence  of  arseniuretted  hydrogen.  After  half  an  hour, 
the  control  goose  evacuated  urine  containing  hiliverdin  in 
considerable  quantities,  and  which  continued  to  be  secreted 
for  two  days.  On  the  other  hand,  the  urine  of  the  goose 
without  the  liver  at  first  only  showed  a minute  quantity  of 

* Minkowski  and  Naunyn,  loc.  cit.,  p.  18.  Comparo  also  Valentini,  Arch,/, 
exper.  Path.  u.  Pharm.,  vol.  xxiv.  p.  412  : 1888. 
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biliverdin ; but  after  half  an  hour’s  exposure  to  the  poison, 
haemoglobin  appeared  in  the  urine,  and  the  urine  subsequently 
discharged  was  perfectly  free  from  bile-pigment.  The  blood 
also  contained  neither  bilirubin  nor  biliverdin.  It  is,  there- 
fore, extremely  probable  that  the  bile-pigment  appearing  in 
the  urine  after  poisoning  with  arseniuretted  hydrogen  has 
its  source  in  the  liver. 

According  to  my  view,  every  form  of  jaundice  is  induced 
by  obstruction.  We  must  not  forget  that  it  is  not  necessary 
that  the  larger  bile-ducts  should  be  completely  obstructed, 
to  ensure  the  passage  of  bile  into  the  blood.  The  slightest 
disturbance,  the  least  arrest  of  the  flow  from  the  primary  bile- 
ducts,  suffices  to  induce  it. 

So  long  as  there  is  an  unimpeded  flow  into  the  intestine, 
the  biliary  colouring  matter  follows  this  route,  and  does  not 
pass  into  the  urine.  Tarchanoff  injected  a solution  of  bile- 
pigment  directly  into  the  blood  of  a dog  with  a biliary 
fistula,  and  found  an  increased  secretion  of  bile-pigment 
in  the  bile  which  proceeded  from  the  fistula ; but  there  was 
none  in  the  urine.*  We  may  therefore  assume  that,  whenever 
biliary  colouring  matter  occurs  in  the  urine,  it  is  a sign  of 
biliary  obstruction.  The  bile-pigment  which  is  formed  in 
extravasations  of  blood  reappears,  as  already  said,  not  in 
its  original  form,  but  reduced  to  urobilin,  in  the  urine.  We 
need  not  be  surprised  at  such  a reduction  taking  place  in 
the  tissues,  as  we  know  from  the  researches  of  Ehrlich  that 
very  energetic  processes  of  reduction  occur  in  many  organs 
and  tissues. f Ehrlich  injected  into  living  animals  blue 
colouring  matters,  as  alizarin  blue,  indophenol  blue,  wdiick 
are  decolourized  by  the  withdrawal  of  oxygen.  These  colouring 

* Tarchanoff,  Pfliigei’s  Arch.,  vol.  ix.  p.  332:  1874.  Adolf  Vossius  has  con- 
firmed these  results  by  fresh  experiments  ( Arch . f.  exper.  Path.  u.  Pharm.,  vol. 
xi.  p.  446:  1879).  Vide  also  A.  Kunkel,  Virchow’s  Arch.,  vol.  lxxix.  p.  463: 
1880. 

t P.  Ehrlich,  “ Das  Sauerstoffbedürfniss  des  Organismus : ” Berlin,  Hirschwald, 
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matters  circulated  in  the  blood-plasma  without  being  altered. 
But  in  certain  tissues,  especially  in  the  connective  and 
adipose  tissues,  they  were  decolourized.  When  a section 
was  made  into  the  tissues,  they  at  first  appeared  colourless ; 
the  blue  colour  did  not  appear  until  the  oxygen  of  the  air 
had  operated  for  some  time.  Possibly  the  reducing  power  of 
the  tissues  explains  the  increased  excretion  of  urobilin  which 
accompanies  the  fading  of  jaundice.  The  bilirubin  which  had 
penetrated  the  tissues  during  the  biliary  obstruction  now 
returns  to  the  blood  as  urobilin,  and  passes  out  through  the 
kidneys  into  the  urine.* * * § 

The  obstruction  of  the  bile  which  occurs  in  the  jaundice 
resulting  from  poisoning  by  arseniuretted  hydrogen  is  probably 
caused  in  the  following  manner.  There  is  an  increased 
secretion  of  bile,  for  the  intestine  in  the  poisoned  animals  is 
loaded  with  bile.  It  is,  therefore,  perfectly  plausible  to 
assume  that  the  copious  inspissated  bile  cannot  discharge 
itself  quickly  enough,  and  that  this  alone  suffices  to  induce 
obstruction ; j for  the  pressure  in  the  bile-ducts  is  very  slight, 
and  is  counteracted  by  a trifling  resistance,  J Stadelmann  § 
has  convincingly  shown  that  the  jaundice  resulting  from 
poisoning  by  arseniuretted  hydrogen  or  toluylendiamin  is 
due  to  obstruction.  When  dogs  with  biliary  fistulas  were 
poisoned  with  these  substances,  there  was  a great  increase  of 
bile  in  the  secretion,  which  was,  moreover,  very  thick  and 
tenacious.  They  never  found  catarrh  of  the  duodenum, 
nor  occlusion  of  the  common  bile-duct,  in  their  numerous 
autopsies.  It  was  palpable  that  jaundice  resulting  from  the 
action  of  toluylendiamin  was  due  to  obstruction,  from  the 

* Vide  Kunkel,  loc.  cit.,  p.  463.  Compare  also  Quincke,  loc.  cit.,  p.  138. 

t Minkowski  and  Naunyn,  loc.  cit.,  p.  12. 

| Heidenliain,  in  Hermann’s  “ Handb.  d.  Physiol.,”  vol.  v.  part  i.  p.  268: 
Leipzig,  Vogel,  1883. 

§ E.  Stadelman,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  xiv.  pp.  231,  422  : 
1881;  vol.  xv.  p.  337:  1882;  vol.  xvi.  pp.  118,  221:  1883.  Compare  also 
Afanassiew,  Zeitschr.f.  lclin.  Med.,  vol.  vi.  p.  281 : 1883. 


382 


LECTURE  XVIII. 


simple  fact  that  large  quantities  of  biliary  acids  were  found  in 
the  urine.  In  the  jaundice  due  to  poisoning  by  arseniuretted 
hydrogen,  biliary  acids  were  also  sometimes  met  with  in  the 
urine  to  a large  amount. 

We  may  now  dismiss  the  subject  of  jaundice  and  the 
formation  of  biliary  pigments  in  the  liver.  We  possess  no 
positive  knowledge  as  to  the  fate  of  the  iron  which,  in  the 
process  that  wTe  have  been  discussing,  must  be  detached  from 
the  haematin.  We  find  very  numerous  combinations  of  iron  in 
the  liver,  in  which  the  iron  is  more  or  less  firmly  fixed ; from 
very  simple  inorganic  forms,  such  as  oxide  and  phosphate  of 
iron,  and  organic  combinations  in  which  it  is  more  stable,  to 
those  in  which  the  iron  is  as  firmly  bound  as  in  haematin.* 
We  know  nothing  as  to  the  genetic  connection  of  these  com- 
pounds, which  have  scarcely  been  submitted  to  any  inquiry. 

As  already  mentioned,  the  formation  of  glycogen  is  one 
of  the  functions  of  the  liver.  The  reasons  why  we  are  com- 
pelled to  assume  that  the  sugar  which  passes  from  the 
intestine  into  the  portal  blood  is  deposited  in  the  liver  as 
glycogen,  have  already  been  given  (p.  219-220).  Glycogen 
plays,  in  the  metabolism  of  animals,  a part  similar  to  that 
which  belongs  to  starch  in  the  metamorphosis  of  plants  : it 
is  the  form  in  which  the  excess  of  carbohydrates  is  stored  up 
in  the  organism  for  future  use. 

Glycogen  f is  distinguished  from  starch  by  its  property 

* Vide  St.  Sz.  Zalesfei,  Zeitsohr.  f.  'physiol.  Client.,  vol.  x.  p.  453:  18S6,  where 
a full  account  of  the  literature  on  the  relations  of  iron  in  the  liver  is  given. 
Compare  also  the  interesting  illustrations  of  the  microscopical  preparations  in 
the  work  of  Minkowski  and  Naunyn,  loc.  cit. 

t Cl.  Bernard  ( Gaz . mdd.  de  Paris,  No.  13  : 1857 ; Compt.  rend.,  t.  xliv.  p. 
578  : 1857)  and  V.  Hensen  (Virchow’s  Arch.,  vol.  xi.  p.  395 : 1S57)  each  dis- 
covered glycogen  independently  of  the  other,  and  isolated  it  from  the  liver. 
Brücke  ( Sitzungsber . d.  Wien.  A/cad.,  vol.  lxiii.  part  2,  p.  214 : 1871)  has  shown 
a method  for  the  quantitative  estimate  of  glycogen.  Vide  also  O.  Nasse, 
Pflüger’s  Arch.,  vol.  xxiv.  pp.  1-114  : 1881 ; R.  Böhm  and  Fr.  A.  Hofmann,  Arch, 
f.  exper.  Path.  u.  Pharm.,  vol.  vii.  p.  489:  1877  ; vol.  viii.  pp.  271,  375:  1878; 
vol.  x.  p.  12:  1879;  Pflüger’s  Arch.,  vol.  xxiii.  pp.  44,  205:  1S80.  Compare  also 
Külz,  Pflüger’s  Arch.,  vol.  xxiv.  pp.  1-114 : 1881,  for  a complete  account  of  the 
literature  on  the  subject. 
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of  swelling  up  and  being  apparently  dissolved  in  cold  water. 
The  solution  is,  however,  never  clear,  but  opalescent  and  not 
diffusible.  Glycogen,  therefore,  in  this  respect  resembles  the 
colloid  gummy  carbohydrates,  dextrin,  arabin,  bassorin,  and 
the  like ; but  it  is  more  complicated  than  dextrin,  as  this  is 
obtained  by  the  decomposition  of  glycogen.  It  yields  products 
similar  to  those  derived  from  starch  when  broken  up,  and  is 
probably  of  as  complex  a nature. 

There  is  no  room  for  the  storage  of  the  whole  excess  of 
carbohydrates  in  the  liver.  The  liver  of  mammals  rarely 
yields  as  much  as  10  per  cent,  of  glycogen,  and  generally  much 
less.  The  human  liver,  therefore,  which  weighs  1500  grms., 
contains  at  most  150  grms.  of  glycogen.  After  a meal  in  which 
carbohydrates  have  been  copiously  consumed,  much  larger 
quantities  often  pass  into  the  portal  vein  within  a few  hours, 
and  we  must  bear  in  mind  that  at  the  commencement  of  a 
meal  the  liver  contains  some  glycogen.  It  only  becomes 
perfectly  free  from  glycogen  after  several  weeks’  starvation. 
A large  portion  of  the  sugar,  derived  from  the  intestine,  must 
therefore  pass  through  the  liver.  But  as  the  amount  of 
sugar  in  the  blood  does  not  rise  after  a diet  rich  in  that 
substance,  the  sugar  must  be  deposited  in  other  organs  than 
the  liver.  "We  do,  in  fact,  know  that  the  muscles  contain 
glycogen.*  The  percentage  amount  of  this  carbohydrate  in 
the  muscles  is  much  smaller  than  that  in  the  liver,  and  seems 
to  vary  in  different  animals ; the  muscles  at  the  most  contain 
1 per  cent.,  generally  less  than  £ per  cent.  Böhm  f found 
the  absolute  quantity  contained  in  the  muscles  of  the  cat 
nearly  as  large  as  that  in  the  liver.  The  muscles  of  a horse, 


* The  occurrence  of  glycogen  in  the  muscles  was  discovered  by  Bernard 
( Compt . rend.,  t.  xlviii.  p.  683:  1859)  and  by  O.  Nasse  (Pllüger’s  Arch.,  vol.  ii. 
p.  97:  1869;  and  vol.  xiv.  p.  482:  1877).  A rtäumtf  of  the  first  accounts  of 
glycogen  in  muscle  is  given  by  E.  Külz,  loc.  cit.,  p.  42.  Glycogen  in  small 
quantities  is  also  present  in  other  organs.  Compare  M.  Abeles,  Centralb.  f.  d. 
med.  Wish.,  p.  449:  1885. 

+ R.  Böhm,  Pflügcr’s  Arch.,  vol.  xxiii.  p.  51 : 1880, 


384 


LECTURE  XVIII. 


after  nine  clays’  starvation,  still  contained  from  1 to  2'4  per 
cent,  glycogen.* * * §  As  we  shall  see  directly,  glycogen  is  the 
material  of  muscular  work.  It  disappears  entirely  from  the 
muscles  and  liver  after  fatigue  and  want  of  food ; f and 
sooner  from  the  liver  than  the  muscles.}:  It  may  be  taken 

as  a fact  that  the  organs  which  are  at  rest  give  up  their 
store  of  glycogen  to  those  that  are  working,  when  there  is  an 
insufficient  supply  of  food. 

It  is  probable  that  glycogen  is  conveyed  from  one  part  of 
the  system  to  another  in  the  form  of  grape-sugar.  When 
broken  up  by  ferments,  glycogen  is  converted,  in  the  first 
instance,  into  a carbohydrate  resembling  dextrin,  and  into  a 
variety  of  sugar  resembling  maltose.  § But  in  the  living 

body,  the  passage  of  the  glycogen  from  the  tissues  into 
the  blood,  causes  a further  advance  in  this  change,  and  the 
glycogen  is  as  completely  converted  into  molecules  of  grape- 
sugar  as  it  would  be  by  boiling  with  dilute  sulphuric  acid. 
The  majority  of  inquirers  have  been  unable  to  show  the 
presence  of  glycogen  or  of  any  colloid  carbohydrates  in  the 
blood.  || 

Glycogen  is  not  only  a source  of  power  for  the  muscles ; 
it  is  likewise  a source  of  heat.  If  we  lower  the  temperature 
of  a rabbit  by  cold  baths  and  cold  air,  all  but  minute  traces  of 

* G.  Aldehoff  (Kiilz’s  laboratory),  Zeitschr.  f.  Biolog.,  vol.  xxv.  p.  162:  18SS. 

t B.  Buchbinder,  “Experimentelle  und  kritische  Beiträge  zur  Physiologie 
und  Pathologie  des  Glycogens,”  Vierteljahr  sehr,  der  Züricher  naturforschenden 
Gesellschaft : 1875.  See  also  Pfliiger’s  Arch vol.  xviii.  p.  472 : 1878.  G. 
Aldehoff,  Zeitschr.  f.  Biolog , vol.  xxv.  p.  137 : 1889. 

X Aldehoff,  loc.  cit. 

§ O.  Nasse,  Pfliiger’s  Arch.,  vol.  xiv.  p..  478:  1877;  Musculus  and  von 
Mering,  Zeitschr.  f.  physiol.  Chem.,  vol.  ii.  p.  413:  1878;  E.  Külz,  loc.  cit., 
pp.  52-57  and  81-84. 

||  O.  Nasse,  “ De  materiis  amylaceis,  num  in  sanguine  animalium  inveniantur, 
disquisitio,”  Dissert.:  Halle,  18G6;  Hoppe-Seyler,  “ Pliysiol.  Chem.,”  p.  406: 
Berlin,  1881.  Salomon  comes  to  different  conclusions  (Deutsche med.  Wochenschr., 
No.  35:  1877).  Frerichs  (“Ueb.  d.  Diabetes,”  p.  6:  Berlin,  1SS4)  also  comes  to 
the  conclusion  that  there  is  constantly  a small  amount  of  glycogen  in  the  blood, 
for  the  most  part  contained  in  the  white  blood-corpuscles.  This,  however,  is  not 
a peculiarity  of  leucocytes,  but  is  probably  common  to  all  cells. 
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the  glycogen  is  found  to  have  disappeared  from  the  liver  after 
a few  hours.* * * §  Starvation  deprives  warm-blooded  animals 
more  rapidly  of  their  glycogen  than  cold-blooded  animals, 
and  among  the  former  small  animals  with  a relatively  large 
surface  lose  it  sooner  than  the  bigger  ones.f  Starving  rabbits 
lose  their  glycogen  in  from  four  to  eight  days  ; dogs  not  before 
two  or  three  weeks  ; frogs,  in  summer,  after  from  three  to  six 
weeks.  Frogs  which  have  had  no  food  during  the  whole 
winter  do  not  show  an  entire  absence  of  glycogen  until  the 
spring.  Hibernating  mammals  are  equally  slow  in  con- 
suming their  store  of  glycogen  4 

If  we  introduce  carbohydrates  into  the  stomach,  or 
directly  into  the  blood  of  rabbits,  whose  liver,  after  six  days 
of  starvation,  has  been  rendered  quite  free  from  glycogen,  a 
large  amount  of  glycogen  is  found  in  the  liver  after  a few 
hours. § 

It  is  probable  that  the  glycogen  stored  in  the  liver  and 
the  muscles  is  not  derived  exclusively  from  the  carbohy- 
drates of  the  food.  It  appears  that  the  albuminous  and 
gelatinous  substances  of  the  food  also  take  part  in  the  for- 
mation of  glycogen.  Animals  that  have  been  exclusively 
fed  for  a considerable  period  on  lean  meat,  exhibit  large 
stores  of  glycogen  in  their  liver  and  muscles.  Naunyn  |]  fed 
fowls  for  a long  time  (in  one  experiment  for  six  weeks) 
exclusively  on  muscle,  which  had  been  stewed  down  and 
squeezed  out,  and  therefore  was  almost  entirely  free  from 
carbohydrates,  and  he  then  found  large  quantities  of  glycogen 

* E.  Külz,  Pflüger’ s Arch.,  vol.  xxiv.  p.  46  : 1881.  Vide  also  Böhm  and 
Hoffmann,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  viii.  p.  295  : 1878. 

t B.  Luchsinger,  loc.  cit. 

X Schiff,  “Unt.  über  die  Zuckerbildung  in  der  Leber,”  p.  30:  Würzburg, 
1859;  Valentin,  Molescliott’s  Unters,  zur  Naturlehre,  etc.,  vol.  iii.  p.  223  : 1857 ; 
C.  Aeby,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  iii.  p.  184:  1875;  Voit,  Zeitschr. 
f.  Biolog.,  vol.  xiv.  p.  118:  1878. 

§ E.  Külz,  Pflüger’s  Arch.,  vol.  xxiv.  pp.  1-19:  1881.  The  numerous  ex- 
periments of  a similar  nature  made  by  earlier  authors  are  given  here. 

||  B.  Naunyu,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  iii.  p.  94  : 1875. 
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(as  much  as  to  3'5  per  cent.)  in  the  liver.  Yon  Mering  * fed 
a dog,  which  had  been  previously  starved  for  twenty-one 
days,  for  four  days  exclusively  on  washed  bullock’s  fibrin. 
The  animal  was  killed  six  hours  after  it  had  been  last  fed, 
and  the  liver,  which  weighed  540  grms.,  contained  16'3  grms. 
of  glycogen.  A control  animal  of  nearly  the  same  size  showed, 
after  twenty-one  days  of  starvation,  0’48  grm.  of  glycogen  in 
the  liver.  It  would  necessitate  very  forced  modes  of  ex- 
planation to  assume  from  these  and  many  other  similar 
experiments,  that  the  glycogen  did  not  arise  from  the 
albumen. 

We  may  also  quote,  in  support  of  the  view  that  carbo- 
hydrates are  formed  from  albumen,  the  fact  that  in  the  severe 
form  of  diabetes  mellitus,  under  a protracted  and  exclusive 
flesh-diet,  the  secretion  of  sugar  does  not  cease,  and  that  the 
quantity  of  sugar  increases  in  proportion  to  the  amount  of 
albumen  consumed.! 

Von  Mering’ s experiments  on  phloridzin  diabetes  are  well 
worth  mentioning.}  Phloridzin  is  a glueoside,  found  in  the 
root  cortex  of  apple  and  cherry  trees.  If  we  administer  a 
certain  amount  of  this  to  a dog  (1  grm.  for  every  kilogramme 
of  the  body-weight),  we  find,  after  a few  hours,  sugar  in  the 
urine.  This  glycosuria  ceases  in  two  or  three  days,  and  we 
then  find  the  liver  and  muscles  totally  free  from  glycogen. 
If  we  now  administer  phloridzin  again,  we  find  a still  larger 
amount  of  sugar  excreted.  Yon  Mering  concludes  that  this 
must  proceed  from  proteid.  If  we  would  doubt  this,  we 
must  assume  that  the  sugar  has  been  formed  out  of  fat — an 

* Von  Mering,  Pfliiger's  Arch.,  vol.  xiv.  p.  282 : 1877.  The  experiments 
made  on  this  subject  by  earlier  authors  are  appended.  Vide  also  Benj.  Finn, 
Verhandl.  d.  physik.  med.  Ges.  zu  Würzburg.  N.  F.,  vol.  xi.  Heft  i.,  ii.  : 187(1 ; 
and  S.  Wolffberg,  Zeitsclir.  f.  Biolog.,  vol.  xii.  p.  310  (Exp.  4)  : 1876. 

+ Von  Mering,  “ Tageblatt  der  49  Naturforscherversammlung  in  Hamburg,” 
summarized  in  the  Deutsche  Zeitsclir.  f.  prdkt.  Med.,  No.  40  : 1S76 ; and  No.  18  : 
1877;  Külz,  Arch./,  exper.  Path.  u.  Pharm.,  vol.  vi.  p.  140  : 1876. 

X Von  Mering,  Verhandl.  d.  Congr.  f.  inn.  Medicin.,  Fünfter  Congress,  Wies- 
baden, p.  185:  1886  ;jiud  Sechster  Congress,  Wiesbaden,  p.  349:  1S87. 
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assumption  for  which  we  have  not  up  to  the  present  the 
warrant  of  a single  fact. 

It  is  doubtful  whether  glycogen  arises  from  the  fatty 
materials  of  food.  Almost  all  authors*  agree  that  the  gly- 
cogen of  the  liver  does  not  increase  in  amount  after  fatty 
food.  It  is,  however,  conceivable  that,  under  certain  con- 
ditions, the  fat  that  is  stored  up  in  the  tissues,  after 
previous  conversion  into  glycogen,  may  serve  as  material 
for  muscular  work.  But  the  possibility  of  the  converse 
process  must  also  be  borne  in  mind,  viz.  the  conversion  of 
glycogen  into  fat.  We  shall  soon  have  occasion  to  see  that, 
as  a matter  of  fact,  carbohydrates  may  be  converted  in  the 
animal  body  into  fat. 

* A summary  of  these  authors  is  given  by  Yon  Mering,  Pfliiger’s  Arch., 
vol.  xiv.  p.  282  : 1877. 
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LECTUBE  XIX. 

THE  SOURCE  OF  MUSCULAR  ENERGY. 

In  our  last  observations  on  the  formation  of  glycogen  and 
the  behaviour  of  carbohydrates  in  the  body,  I repeatedly 
stated  that  glycogen  must  be  regarded  as  the  material  of 
muscular  work.  We  will  now  proceed  to  consider  the  facts 
which  have  led  to  this  view,  and  to  give  a connected  account 
of  all  that  is  at  present  known  concerning  the  source  of 
muscular  energy. 

The  most  obvious  theory  that  the  source  of  muscular 
work  is  the  metabolism  of  those  substances  which  form  the 
main  constituents  of  muscle,  viz.  proteids,  was  obstinately 
maintained  by  Liebig  * to  the  end  of  his  life.  This  teaching 
was,  however,  shown  to  be  erroneous  by  the  following  experi- 
ment : — 

Fick  and  Wislicenus  f ascended  to  the  summit  of  the 
Faulhorn,  a height  of  1956  metres  above  the  level  of  the 
sea.  The  urine  excreted  during  the  six  hours’  ascent  and 
for  the  succeeding  six  hours  was  collected,  and  the  nitrogen 
contained  in  it  was  estimated.  During  this  time,  and  for 

* It  is  very  instructive  to  read  the  original  works  in  which  the  reasons  adduced 
in  favour  of  and  against  Liebig’s  doctrine  are  given.  To  this  end  we  recommend 
Liebig’s  treatise,  “ Ueber  die  Gährung  und  die  Quelle  der  Muskelkraft  und 
über  Ernährung ; ” Liebig’s  Ann.  d.  Cliem.  u.  Pharm.,  vol.  cliii.  pp.  1 and  157; 
and  Voit’s  reply,  “ Ueber  die  Entwickelung  der  Lehre  von  der  Quelle  der  Mus- 
kelkraft und  einiger  Theile  der  Ernährung  seit  25  Jahren,”  Zeitschr.  f.  Biolog., 
vol.  vi.  p.  305 : 1870.  The  older  literature  on  this  question  is  here  critically 
treated. 

t A.  Fick  and  J.  Wislicenus,  Viertel]  alischr.  der  Züricher  natur  for  sehenden  Ges., 
vol.  x.  p.  317  : 1805. 
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twelve  hours  previous  to  the  commencement  of  the  experi- 
ment, only  non-nitrogenous  food,  starch,  fat,  and  sugar,  had 
been  taken.  The  consumption  of  proteid  was  calculated  from 
the  nitrogen  found  in  the  urine.  In  Fick  it  amounted  to 
38,  and  in  Wislicenus  to  37  grms.  From  the  amount  of  heat 
produced  by  the  combustion  of  the  carbon  and  hydrogen  in 
the  albumen,  a maximal  value  * was  deduced  for  the  heat- 
equivalent  of  the  albumen,  and  it  was  found  that  37  grms. 
of  albumen  yielded  250  units  of  heat,  which  corresponds  to 
106,000  kilogrammometers  of  work.  Wislicenus  weighed  76 
kgrms.  It  follows  that,  in  merely  raising  his  body  to  the 
summit  of  the  mountain,  he  had  done  work  amounting  to 
76  x 1956  = 148,656  kilogrammometers.  But  the  work  done 
during  the  ascent  was  really  much  greater  ; Fick  and  Wisli- 
cenus calculated  that  the  work  done  by  the  heart  and  by 
respiration  in  the  same  time  amounted  to  30,000  kilogram- 
mometers. We  have  also  to  consider  that  even  on  level 
ground  every  step  entails  work,  which  is  converted  into  heat 
and  is  lost,  and  that  the  other  parts  of  the  body,  the  head 
and  arms,  are  moved  during  the  ascent,  etc.  It  follows  that 
much  more  work  had  been  done  than  would  be  covered  by 
the  potential  energy  contained  in  the  proteid  consumed.  The 
non-nitrogenous  constituents  of  nutrition  and  of  the  body 
must  therefore  have  been  utilized  as  sources  of  energy. 

The  view  that  proteid  is  the  exclusive  working  material 
of  muscle,  is  more  precisely  controverted  by  a series  of  very 
careful  experiments  on  tissue-change.  These  show  that  the 
excretion  of  nitrogen  during  twenty-four  hours  of  extreme 
labour  is  as  great  as,  or  but  little  more  than,  in  a quiescent 
state ; but  that,  on  the  other  hand,  the  excretion  of  carbonic 
acid  and  the  absorption  of  oxygen  is  much  increased  on  the 
days  of  work,  and  that,  therefore,  during  muscular  work  non- 
nitrogenous  food  is  chiefly  consumed. 

* That  this  value  must  be  much  too  high  is  evident  from  what  wo  have 
mentioned  before  (pp.  68,  70-71). 
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Yoit  * was  the  first  to  carry  out  a careful  experiment  of 
this  kind.  He  caused  dogs  to  run  in  a large  tread-wheel.  On 
the  days  before  and  after  the  day  of  work,  the  animals  were 
quiescent  with  the  same  food.  Some  of  the  experiments 
were  made  on  fasting  animals.  The  output  of  nitrogen 
for  twenty-four  hours  was  accurately  determined,  and  it  re- 
sulted, from  two  experiments  with  fasting  animals,  that  the 
excretion  of  nitrogen  was  not  increased  on  the  working  days. 
In  two  other  experiments  with  a fasting  animal,  and  in  two 
with  a diet  of  lean  meat,  the  increase  was  very  slight. 

Quite  recently,  at  the  experimental  farm  of  Hohenheim, 
0.  Kellner  f has  instituted  similar  experiments  on  horses. 
On  the  working  days,  he  found  a greater  increase  in  the 
excretion  of  nitrogen  than  was  shown  in  the  experiments  of 
Yoit.  It  was  only  when  very  large  quantities  of  carbo- 
hydrates were  given  to  the  horses  that  this  increase  failed. 

Pettenkofer  and  Yoit  J have  also  made  experiments  on 
man  to  determine  the  influence  of  work  upon  the  excretion 
of  nitrogen.  The  elimination  of  carbonic  acid,  and  indirectly 
the  amount  of  oxygen  consumed,  was  determined  at  the  same 
time  by  the  respiratory  apparatus.  They  found  that  on  the 
working  days  the  excretion  of  nitrogen  was  identical  with 
that  on  the  days  of  rest,  food  being  the  same.  The  amount 
of  sulphuric  and  phosphoric  acids  secreted  was  not  increased 
on  the  working  days,  hut  the  excretion  of  carbonic  acid  and 
the  absorption  of  oxygen  rose  very  considerably. 

Lavoisier  § had  already  shown  that  the  absorption  of 

* C.  Voit,  “ Unt.  über  den  Einfluss  des  Kochsalzes,  des  Kaffees  und  der 
Muskelbewegungen  auf  den  Stoffwechsel,”  p.  153,  et  seg. : München,  1860 ; and 
Zeitschr.  f.  Biolog.,  vol.  ii.  p.  339  : 1S66. 

t O.  Kellner,  Landwirtlischaftliclie  Jahrbücher,  vol.  viii.  p.  701 : 1879 ; and 
vol.  ix.  p.  651 : 1880. 

J Pettenkofer  and  Voit,  Zeitschr.  f,  Biolog.,  vol.  ii.  pp.  4SS-500  : 1866.  Com- 
pare also  Felix  Schenk,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  ii.  p.  21 : 1874 ; and 
Oppenheim,  Pfluger’s  Arch.,  vol.  xxiii.  p.  484  : 1880.  (Compare,  in  reference  to 
Oppenheim’s  work,  the  remarks  on  p.  185.) 

§ Seguin  and  Lavoisier,  “ Premier  memoire  sur  la  respiration  des  animaux,” 
Mem.  de  Vacad.  des  sciences,  p.  185 : 1789 ; or  CEuvi'es  de  Lavoisier,  Paris, 


THE  SOURCE  OP  MUSCULAR  ENERGY. 


391 


oxygen  and  the  excretion  of  carbonic  acid  were  increased  by 
muscular  work.  Vierordt,*  Scharling,!  Ed.  Smith,!  C. 
Speck,  § and  others,  with  more  perfect  methods  of  investiga- 
tion, have  confirmed  this  discovery.  The  increase  in  the 
absorption  of  oxygen  and  in  the  excretion  of  carbonic  acid 
has  been  determined  not  only  by  the  investigation  of  the 
interchange  of  gases  in  the  respiratory  apparatus,  but  also 
by  a comparative  determination  of  the  oxygen  and  the 
carbonic  acid  in  venous  blood,  taken  from  the  quiescent  and 
the  tetanized  muscle.  This  was  done  by  Ludwig  and  Sczel- 
kow,||  and  finally  in  a masterly  inquiry  carried  out  in  Lud- 
wig’s laboratory  by  Max  von  Frey, IT  with  the  advantage  of 
all  the  perfected  technical  aids. 

From  the  experiments  that  have  been  quoted,  it  is 
apparent  that  muscle  chiefly  works  with  non-nitrogenous 
food,  and  carbohydrates  readily  suggest  themselves,  as  they 
are  invariably  stored  up  in  muscle  in  the  form  of  glycogen. 
Cl.  Bernard,  the  discoverer  of  glycogen,  was  also  the  first 
to  observe  that  this  store  of  glycogen  disappears  during 
work.**  He  also  found  that  when  a muscle  is  artificially 
brought  to  a state  of  quiescence  by  division  of  its  nerve,  its 
glycogen  increases.  These  statements  of  Bernard  have  been 
subsequently  confirmed  by  many  experiments. ff  If  one  of 

Imprimerie  imperiale,  t.  ii.  pp.  688,  696  : 1862 ; and  Lavoisier’s  letter  to  Black, 
dated  November  19,  1790,  printed  in  the  “ Report  of  the  Forty-first  Meeting  of 
the  British  Assoc,  for  the  Adv.  of  Science,”  held  at  Edinburgh,  in  August,  1871, 
p.  191 : London,  1872. 

* Vierordt,  “Physiologie  des  Athmens:  ” Karlsruhe,  1845. 

+ Scharling,  Ann.  d.  Cliem.  u.  Pharm. , vol.  xlv.  p.  214:  1843  ; Journ.  f. pralct , 
Chem.,  vol.  xlviii.  p.  435 : 1849. 

t Ed.  Smith,  Philos.  Trans.,  vol.  cxlix.  (2)  pp.  681,  715:  1859;  Medico- 
chirurg.  Trans.,  vol.  xlii.  p.  91 : 1859. 

§ C.  Speck,  Schriften  der  Ges.  zur  Beförderung  d.  ges.  Naturwissensch.  zu 
Marburg,  vol.  x. : 1871 ; Arch.f.  exper.  Path.  u.  Pharm.,  vol.  ii.  p.  405 ; 1874. 

||  Ludwig  and  Sczelkow,  Wiener  Sitzung sber,xo\.  xlv.  p.  171:  1862;  Zeitschr. 
f.  rat.  Med.,  vol.  xvii.  p.  106:  1862. 

1 Max  von  Frey,  Du  Bois’  Arch.,  pp.  519,  533:  1885. 

**  Cl.  Bernard,  Compt.  rend.,  t.  xlviii.  p.  683 : 1859. 

ft  An  account  of  these  is  given  by  E.  Külz,  Pflüger’s  Arch.,  vol.  xxiv.  p.  42  : 
1881 ; and  Ed.  Marche,  Zeitschr.  f.  Biolog.,  vol.  xxv.  p.  163  ; 1889. 
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the  hind  legs  of  a frog  be  tetanized,  it  is  always  found  to 
contain  less  glycogen  than  the  other,  which  has  been  at  rest. 

Külz  * allowed  dogs  that  had  been  previously  well  fed  to 
starve  for  one  day,  and  on  this  day  to  drag  a heavy  cart  for 
from  five  to  seven  hours.  The  dog  was  then  immediately  killed, 
and  the  amount  of  glycogen  in  his  liver  determined.  Of  five 
dogs  employed  in  this  experiment,  the  liver  in  four  showed 
that  all  but  mere  traces  of  glycogen  had  disappeared.  The 
liver  of  the  fifth,  which  was  distinguished  from  the  others 
by  being  old,  very  fat,  and  sluggish,  weighed  240  grms.,  and 
contained  0’8  grm.  of  glycogen.  I have  previously  remarked 
that,  during  starvation  without  work,  glycogen  does  not  dis- 
appear from  the  liver  of  a dog  until  the  third  week. 

Hence  there  can  be  no  doubt  that  carbohydrates  serve  as 
a source  of  muscular  energy. 

However,  it  would  be  too  much  to  assume  that  carbo- 
hydrates are  the  sole  source  of  muscular  energy.  We  have 
just  become  acquainted  with  experiments  from  which  it 
appears  very  probable  that  glycogen  is  formed  from  albumen 
(pp.  385-386).  Hence  we  infer  that  albumen  may  also  serve  as 
a source  of  muscular  energy.  It  is  a fact  that  carnivora  may 
be  fed  for  a long  time  exclusively  on  lean  meat,  without  impair- 
ing muscular  vigour.  I cannot  conceive  any  explanation  of 
the  metabolism  of  the  animals  thus  fed,  without  assuming 
that  albumen  may  serve  as  a source  of  muscular  power. 

Nor  is  it  improbable  that  fat  may  serve  for  the  same 
purpose.  It  would  not  be  difficult  to  determine  this  question 
by  experiments  upon  fasting  dogs.  Külz  has  already  shown 
that  a fasting  dog  consumes  its  store  of  glycogen  on  the  very 
first  day  of  hard  work.  A determination  of  the  excretion  of 
nitrogen  and  carbon  on  subsequent  days,  when  the  work  was 
continued,  would  afford  a certain  reply  to  the  question  whether 
chiefly  albumen  or  chiefly  fat  supplies  the  animal  with 
working  power.  When  Yoit  made  his  experiments  on  fasting 

* E.  Xiilz,  loc.  cit.,  p.  45. 


THE  SOURCE  OF  MUSCULAR  ENERGY. 


393 


dogs,  the  animal  generally  worked  only  one  day  ; in  one  of 
his  experiments,*  however,  the  work  was  continued  for  three 
successive  days,  and  they  had  been  preceded  by  three  fasting 
days,  without  work.  Klilz’s  dogs  worked  and  fasted  for  one 
day  only,  previous  to  which  they  had  been  supplied  with 
ample  food  for  some  days,  and  still  after  the  first  day  of  work 
their  glycogen  had  disappeared.  It  follows,  therefore,  that 
Yoit’s  dog  must  have  been  quite  free  from  glycogen  on  the 
second  and  third  days  of  hunger  and  work.  Nevertheless 
there  was  only  a trifling  increase  in  the  excretion  of  urea. 
I think,  therefore,  it  must  be  concluded  from  this  experiment 
that  the  store  of  fat  in  this  dog  had  been  drawn  upon  to 
carry  on  its  muscular  work. 

I hold  that  muscle  draws  its  energy  from  all  the  three 
main  classes  of  food.  We  might  assume  ä priori,  on  teleo- 
logical grounds,  that  in  the  performance  of  its  most  important 
functions,  the  organism  is,  to  a certain  extent,  independent 
of  the  quality  of  its  food.  As  long  as  non-nitrogenous  food 
is  supplied  in  adequate  quantity  or  is  stored  up  in  the 
tissues,  muscular  work  is  chiefly  maintained  from  this  store. 
When  it  is  gone,  the  proteids  are  attacked.  The  results 
obtained  from  the  above-mentioned  experiments  of  Kellner 
entirely  agree  with  this  statement ; he  found  that,  in  the 
horse,  the  excretion  of  nitrogen  is  increased  by  muscular 
work  only  when  the  animal  does  not  receive  a sufficient 
supply  of  carbohydrates. 

It  has  often  been  surmised  that  muscular  energy  is  not 
derived  from  the  processes  of  oxidation,  but  from  those  of 
decomposition.  Certain  facts  seemed  to  favour  this  view. 
Thus  Hermann  f found  that  an  excised  muscle  contains  no 
removable  oxygen,  and  that,  nevertheless,  it  executes  numerous 
contractions  and  gives  off  carbonic  acid  when  placed  in  a 

* Voit,  “Ueb.  d.  Einfl.  d.  Kochsalzes,”  etc.,  pp.  157,  158. 

t L.  Hermann,  “ Unt.  üb.  d.  Stoffwechsel  der  Muskeln,  ausgehend  vom 
Gaswechsel  derselben:”  Berlin,  1867. 
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medium  deprived  of  all  oxygen.  We  know  that  the  chemical 
potential  energy  introduced  by  food  may  in  part  be  con- 
verted, by  mere  breaking  up  without  oxidation,  into  kinetic 
energy ; that  the  beat  of  combustion  of  the  products  of 
decomposition  is  lower  than  that  of  the  original  food,  and 
that  therefore  beat  must  be  liberated  during  decomposition. 
We  have  given  direct  proof  that  this  development  of  beat 
accompanies  many  processes  of  decomposition.  (Compare 
pp.  68-71,  179-184.) 

The  above-mentioned  fact,  that  in  muscular  work  the 
consumption  of  oxygen  is  increased,  is  not  opposed  to  the 
assumption  that  only  a part  of  the  chemical  potential  energy 
is  transmuted  into  kinetic  energy  during  decomposition. 
The  two  processes,  decomposition  and  oxidation,  might  occur 
at  different  periods ; the  former  serves  for  muscular  work,  the 
latter  provides  beat.  Both  processes  may  also  be  separated 
as  to  their  locality,  the  decomposition  occurring  in  the  proto- 
plasm of  muscular  fibre,  while  possibly  the  oxidation  of  the 
products  of  decomposition  occurs  in  other  tissue-elements. 

From  this  point  of  view,  the  absorption  of  oxygen  would 
mainly  serve  for  the  production  of  heat.  There  is  a remark- 
able difference  in  animals  in  their  requirement  of  oxygen, 
and  it  appears  that  the  want  is  regulated  by  the  amount 
of  heat  generated.  A mammal  requires  at  least  from  ten  to 
twenty  times  as  much  oxygen,  in  proportion  to  its  weight, 
as  a cold-blooded  animal.  A bird  uses  up  more  than  a 
mammal.  A small  animal,  giving  off  more  heat  from  a 
relatively  larger  surface,  requires  more  than  closely  allied 
animals  of  a large  size.  Young  animals  require  more  than 
full-grown  animals  of  the  same  species.  These  differences 
are  well  shown  in  the  following  table  : — 
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Amount  op  Oxygen  consumed  in  Twenty-foub  Hours,  in  Proportion  to 
Weight,  in  C.cm.  at  0°  0.  and  760  Mms.  op  Mercurial 


1 Grm.  op 
Pressure.* 

Sparrow 
Duck 
Dog 
Man 
Frog 

Earthworm 
Tench  , . 

Eel 

Lizard,  hibernating 


23-0 

15-0 

70 

10 


0-97- 


161-0 

- 32  0 

- 23  0 

- 110 
- 2-0 

1-7 

1-3 

- 1-2 
0-41 


If  it  is  correct  to  regard  muscular  energy  as  mainly 
produced  by  the  decomposition  of  food,  and  heat  chiefly  by 
oxidation,  we  should  expect  that  animals  which  develop  no 
heat  would  require  the  smallest  amount  of  oxygen.  This 
is  the  case  with  the  eutozoa  of  warm-blooded  animals,  which 
reside  in  a uniformly  high  temperature.  We  know  that  the 
intestinal  parasites  live  in  a medium  which  is  almost  entirely 
free  from  oxygen,  for  the  most  recent  and  most  careful 
analyses  of  intestinal  gases  have  demonstrated  no  oxygen  in 
them.  We  know  that  active  processes  of  reduction  occur  in 
the  intestinal  contents ; that  they  constantly  give  rise  to 
nascent  hydrogen ; that  sulphates  are  reduced  to  sulphides, 
and  oxide  to  suboxide  of  iron.  The  amount  of  oxygen  taken 
up  by  the  intestinal  parasites  must  therefore  be  excessively 
small.  It  is  possible  that  they  attach  themselves  to  the 
walls  of  the  intestine  and  take  up  oxygen  which  is  diffused 
from  the  tissues  of  the  bowel,  before  it  is  taken  possession  of 
by  the  reducing  substances  of  the  intestinal  contents.  But  it 
is  also  possible  that  mere  traces  of  oxygen  are  necessary  for 
their  existence,  or  even  that  they  require  no  oxygen,  as 
is  asserted  of  certain  bacteria  and  fungi  (compare  above, 
p.  263,  note  J).  This  question  can  only  be  decided  experi- 


* The  figures  given  for  the  consumption  of  oxygen  in  man  are  derived  from 
the  work  of  Pettenkofer  and  Voit  ( Zeitsclir . f.  Biolog.,  vol.  ii.  p.  486,  489  : 1866)  ; 
those  for  fish  from  that  ot  J olyet  and  Regnard  (Arch,  de  Physiol,  normale  et  pathol., 
scrie  ii.  t.  iv.  pp.  605,  608:  1877).  The  remaining  figures  are  from  the  work  of 
Regnault  aud  Reiset  (Ann.  de  chim.  el  dephys.,  t.  xxvi.  : 1849). 
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mentally.  I have  made  many  experiments  with  the  round 
worm  (Ascaris  viystax ) of  the  cat,  and  have  satisfied  myself 
that  these  animals  can  live  in  media  entirely  free  from  oxygen 
for  from  four  to  five  days,  and  be  extremely  active  during  the 
whole  time.* * * §  Whoever  has  seen  these  movements  must  be 
convinced  that  oxidation  is  not  the  source  of  muscular  energy 
in  these  animals. 

The  objection  might  he  raised  that  they  have  a store 
of  oxygen  in  their  bodies,  which  is  but  loosely  fixed.  We  must 
admit  this  possibility.  Ascarides  are  sometimes  found  in 
the  stomach.  It  is  possible  that  they  rise  into  the  upper 
part  of  the  digestive  tract  in  order  to  supply  themselves  with 
oxygen.  But  this  proceeding  has  no  analogy  with  what  is 
observed  in  higher  animals  ; as  soon  as  the  supply  of  oxygen 
is  cut  off,  the  store  contained  in  the  oxyhasmoglobin  is  con- 
sumed in  a few  minutes,  and  the  animals  perish.  Pflüger  f 
and  Aubert  $ have  certainly  shown  that  frogs  may  remain 
alive  for  several  days  in  an  atmosphere  containing  no  oxygen, 
but  only  at  a very  low  temperature,  which  causes  a reduction 
of  the  entire  metabolism  of  these  animals  to  the  lowest 
point. § If  they  are  left  at  the  temperature  of  the  room, 
they  become  motionless  after  a few  hours ; while  ascarides 
move  about  most  actively  at  a temperature  of  38°  C.  for 
several  days  in  media  devoid  of  all  oxygen.  I am  far  from 
applying  to  higher  animals  the  conviction  derived  from  the 
observation  of  these  animals,  that  muscular  energy  is  mainly 
due  to  processes  of  decomposition.  Intestinal  parasites, 

* G.  Bunge,  Zeitschr.  f.  physiol.  Cliern.,  vol.  viii.  p.  -IS  : 1883. 

f Pflüger,  in  his  Arch.,  vol.  x.  p.  313  : 1875. 

X Aubert,  ibid.,  vol.  xxiv.  p.  ‘293  : 1881. 

§ As  we  might  a priori  expect,  we  find  that  in  cold-blooded  ( poikilothermic ) 
animals,  a rise  of  the  temperature  of  their  environment  causes  increased  metabolism 
and  consumption  of  oxygen,  whereas  the  reverse  is  the  case  in  warm-blooded  or 
homoiothermic  animals.  A critical  accou  it  of  the  numerous  experiments  by 
which  this  statement  has  ,beou  established  will  be  found  in  a paper  by  Yoit, 
Zeitschr.  f.  Biolog.,  vol.  iv.  p.  57  : 1878.  Compare  also  Max  Rubner,  Du  Bois’ 
Arch.,  pp.  38,  248  : 1885. 
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which  are  constantly  surrounded  by  food-supplies,  can  afford 
to  be  wasteful  of  their  potential  energies,  and  only  utilize 
that  portion  of  them  which  is  converted  into  kinetic  energy 
by  mere  decomposition.  Such  a proceeding  would  be  pur- 
poseless in  the  higher  animals.  I have  already  mentioned 
the  reasons  in  favour  of  the  view  that  in  the  higher  animals 
oxygen  penetrates  through  the  capillary  walls  into  the  tissues 
(pp.  261-267).  With  regard  especially  to  muscular  tissue,  we 
have  to  add  an  important  fact  to  the  reasons  adduced  : the 
occurrence  of  haemoglobin  in  muscle.*  Both  probability  and 
analogy  justify  the  view  that  the  haemoglobin  performs  the 
same  functions  in  muscle  as  in  blood,  i.e.  that  of  oxygen- 
carrier. 

The  amount  of  kinetic  energy  which  may  develop  by 
mere  decomposition  without  oxidation,  from  the  chemical 
potential  energies  of  food,  is  much  too  small  adequately  to 
explain  muscular  work.  Let  us  first  consider  the  carbo- 
hydrates, which  certainly  are  the  chief  source  of  muscular 
energy. 

Unfortunately,  we  are  not  sufficiently  familiar  with  the 
nature  of  the  process  of  decomposition  of  the  carbohydrates 
in  muscle.  It  has  often  been  opined  that  the}r  break  up  in 
the  first  instance  into  sarco-lactic  acid.f  Normal  blood  in- 
variably contains  some  lactic  acid ; the  amount  increases  in 
tetanized  animals,  and  when  blood  is  artificially  passed 
through  a living  and  working  muscle.!  But  it  appears  that 
the  amount  of  lactic  acid  formed  in  muscle  is  too  trifling  to 


* W . Kühne,  Virchow’s  Arch.,  vol.  xxxiii.  p.  79  : 1865  ; and  Ray  Lankestor, 
Pflüger’s  Arch.,  vol.  iv.  p.  315  : 1871.  These  statements  with  regard  to  the 
occurrence  of  hasmoglobm  in  muscle  have  been  repeatedly  doubted,  but,  as  it 
appears  to  me,  without  adequate  grounds.  Vide  St.  Zaleski,  Centralb.  f.  d.  med 
Wissemch.,  Nos.  5,  (5  : 1887.  The  earlier  authors  are  here  mentioned, 
t Compare  above,  p.  345,  note  J. 

X VMe  P.  Spiro,  Zeit  sehr.  f.  physiol.  Chem.,  vol.  i.  p.  Ill : 1877;  Max  von 
Frey,  Du  Bois’  Arch.,  p.  557:  1885;  Gaglio,  ibid.,  p/400  : 1886;  Wissokowitsch, 
ibid.,  Suppl.,  p.  91  : 1877 ; and  M.  Berlinerblau,  Arch.  f.  exper.  Path.  u.  Pharm 
vol.  xxiii.  p.  333  : 1887. 
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allow  this  process  of  decomposition  to  serve  as  a source 
of  muscular  energy.  At  any  rate,  we  do  not  know  how  much 
of  the  carbohydrate  in  muscle  undergoes  this  decomposition. 
We  do  not  even  know  whether  the  lactic  acid  occurring  in 
muscle  is  formed  from  the  carbohydrates.*  It  is  possible 
that  during  work  there  is  not  more  lactic  acid  formed  in  the 
muscle  than  during  rest,  hut  that  more  is  transmitted  to 
the  blood.  Astaschewsky  found  less  lactic  acid  in  the 
tetanized  than  in  the  quiescent  muscle. f The  heat-equiva- 
lent of  lactic  acid  has  never  been  determined,  so  that  we 
are  unable  to  state  how  much  kinetic  energy  is  liberated 
during  lactic  fermentation. 

Let  us  endeavour  to  represent  to  ourselves  the  amount 
of  kinetic  energy  which  may  proceed  from  the  decomposition 
of  carbohydrates,  by  picturing  to  ourselves  two  processes  in 
which  the  amount  of  kinetic  energy  liberated  has  been 
exactly  determined : alcoholic  fermentation  and  butyric  acid 
fermentation.  The  amount  of  heat  liberated  during  the  latter 
process  is  larger  than  in  the  former,  and  we  may  assert  that 
no  greater  amount  of  heat  can  he  liberated  in  any  of  the 
various  processes  which  sugar  undergoes  in  decomposition. 
For  of  the  three  products  resulting  from  butyric  fermentation 
(butyric  acid,  carbonic  acid,  and  hydrogen),  only  butyric 
acid  can  he  further  broken  up,  and  but  little  heat  can  he 
liberated  in  this  process.  The  breaking  up  of  butyric  acid 
into  propane  and  carbonic  acid  is  entirely  analogous  to 
the  splitting  up  of  acetic  acid  into  methane  and  carbonic 
acid — a process  in  which  we  are  equally  unable  to  show  a 
development  of  heat.  Taking  the  numbers  quoted  at  pp.  69-70 

* In  favour  of  the  view  that  lactic  acid  arises  from  the  carbohydrates, 
Berlinerblau  (Jog.  cit .)  points  out  that  when  blood  to  which  glucose  or  glycogen  has 
been  added,  is  artificially  passed  through  the  muscles,  more  lactic  acid  is  formed 
than  without  them.  Considerable  quantities  of  lactic  acid  are  formed  in  the 
dying  muscle,  but  whence  it  arises  is  entirely  uuknown.  Boehm  has  shown  that 
it  is  not  formed  from  glycogen  (Pfliiger’s  Arch.,  vol.  xxiii.  p.  41 : 18S0). 

f Astaschewsky,  Zeit  sehr.  f.  physiol.  Chem.,  vol.  iv.  p.  397 : 1880. 
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as  a foundation,  I have  calculated  the  combustion-heat  of 
sugar  and  of  its  products  of  decomposition  as  follows  : — 


Calories,  or  ICgrms. 

metric  muscular 
heat-units.  work. 

1000  grms.  of  grape-sugar,  on  complete  combustion  to 

C02  and  H.,0,  yield  3939  = 1 ,674,000 

1000  grms.  of  grape-sugar,  when  split  up  into  alcohol 


and  C02,  yield 

1000  grms.  of  grape-sugar,  when  split  up  into  butyric 
acid,  C02,  and  H . . 

The  amount  of  work  done  by  Wislicenus  in  ascending 
tbe  Faulhorn  in  six  hours  amounted  to  . . 

The  amount  of  work  done  by  heart  and  respiration 
during  the  same  ascent  amounted  to 


372  = 158,100 
414  = 176,000 
148,656 
30,000 


Accordingly,  we  see  that,  had  the  work  done  during  the 
ascent  of  the  Faulhorn  been  carried  out  by  the  decomposition 
of  carbohydrates,  more  than  1000  grms.  of  carbohydrates 
would  have  been  required  in  six  hours  ! This  is  out  of  the 
question.  On  the  other  hand,  100  grms.  of  sugar,  if  com- 
pletely broken  up  and  oxidized,  would  have  sufficed  to  execute 
the  work.  This  amount  of  carbohydrate  is  always  stored  up 
in  our  muscles,  besides  an  equal  quantity  in  the  liver. 

I think  that  my  calculation  proves  that  to  perform  their 
work  our  muscles  not  only  utilize  the  kinetic  energy  liberated 
by  the  decomposition  of  the  food,  but  that  oxygen  also 
penetrates  the  protoplasm  of  muscular  fibre,  and  its  affinity 
to  the  products  of  decomposition  serves  as  a source  of  energy. 

Here  we  may  again  refer  to  the  question  of  the  value  of 
alcohol  as  a food.  Even  if  we  grant  that  alcohol  is  turned 
to  account  in  the  body  as  a source  of  energy,  yet  this  store 
of  energy  is  far  smaller  than  that  contained  in  the  carbo- 
hydrate from  which  the  alcohol  was  prepared.  In  the 
fermentation  of  a kilogramme  of  sugar,  as  we  have  just  seen, 
an  amount  of  energy  is  wasted  which  would  serve  to  carry  a 
heavy  man  to  the  top  of  the  Faulhorn.  We  must  remember, 
too,  that  certain  cells  of  our  body  can  probably  only  avail 
themselves  of  the  energy  set  free  in  the  breaking  down  of 
food-stuffs,  since  no  free  oxygen  ever  reaches  them  (compare 
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p.  277).  We  thus  see  how  foolish  it  is  for  men  to  give  the 
nourishing  carbohydrates  of  the  grape-juice  and  grain  to  be 
devoured  by  the  yeast-fungus,  while  they  themselves  feast  on 
the  excreta  of  the  fungus.  Fruit,  berries,  and  milk,  too,  are 
deprived  of  all  their  value  in  this  way.  No  carbohydrate  is 
safe  from  the  insatiable  spirit-monger,  careless  whether  he 
murders  thousands,  so  long  as  he  only  fills  his  pockets.  And 
nothing  is  too  foolish  to  find  support  in  the  authority  of 
physicians. 

Are  we  really  to  believe  that  the  civilized  man  and  the 
yeast-plant  are  symbionta,  and  that  the  former  must  find  his 
nourishment  in  the  excreta  of  the  latter  ? 
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FORMATION  OF  FAT  IN  THE  ANIMAL  BODY. 

The  question  regarding  the  origin  of  fat  in  the  tissues  of  the 
animal  body,  a most  important  part  of  metabolism,  remains 
for  our  consideration.  Our  views  on  this  subject  have  been 
subject  to  constant  fluctuations  and  controversies  during  the 
last  few  decennia ; hut  we  have  arrived  at  the  conviction, 
after  many  and  careful  experiments,  that  the  fat  in  the 
tissues  may  he  formed  from  all  of  the  three  chief  classes  of 
organic  foods,  viz.  from  the  fats,  the  proteids,  and  the  carbo- 
hydrates. 

From  the  comprehensive  literature  on  the  formation  of 
fat,*  I shall  select  those  works  which  constitute  the  firmest 
basis  of  our  present  knowledge  of  this  subject. 

It  was  long  doubted  whether  the  fat  of  the  tissues  was 
derived  from  the  fat  of  the  food ; chiefly  on  the  grounds  that 
fat,  being  absolutely  insoluble  in  water,  could  not  as  such 
penetrate  the  intestinal  wall,  and  that  it  would  previously 
have  to  be  converted  in  the  bowel  into  a soluble  soap  and 
soluble  glycerin.  The  view  that  glycerin  and  fatty  acids 
might  again  unite  in  the  tissues  on  the  other  side  of  the 
intestinal  wall  was  opposed  by  the  belief  that  no  syntheses 
could  occur  in  the  animal  body.  We  have  seen  that  both 
these  prejudices  have  now  been  overcome;  we  know  that 

* Voit  supplies  an  interesting  survey  of  the  older  literature  on  this  subject, 
“ Uebcr  die  Fettbildung  im  Thierkörper,  Zeit*clir.  f.  Biolog.,  vol.  v.  p.  79:  1869. 
Compare  also  “ Ueber  die  Entwickelung  dor  Lehre  von  dor  Quello  der  Muskel- 
kraft und  einiger  Theile  dor  Ernährung  seit  25  Jahron,”  ibid.,  vol.  vi.  p.  371  : 
1870. 
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all  kinds  of  synthetic  processes  occur  in  the  animal  body, 
and  that  neutral  fat  does  pass  through  the  intestinal  wall. 
Now,  if  fat  globules  permeate  the  tissues  of  the  intestine, 
why  may  they  not  pass  through  the  walls  of  the  capillaries 
and  through  all  the  organs  of  our  body?  A priori,  there- 
fore, there  is  nothing  opposed  to  the  view  that  the  fat  of 
our  tissues  is  derived  from  the  fat  of  our  food.  Franz 
Hofmann  * was  the  first  to  give  experimental  proof  that  this 
is  the  case. 

Hofmann  deprived  a dog  of  all  fat  by  starving  him  for 
thirty  days.  We  are  able  to  determine  the  exact  period  when 
all  the  fat  that  is  stored  in  the  tissues  is  consumed.  We 
have  already  seen  that  a starving  animal  at  first  lives  mainly 
upon  its  store  of  glycogen,  and  subsequently  upon  its  fat. 
It  uses  the  greatest  economy  with  regard  to  its  proteid. 
That  very  little  of  the  latter  is  decomposed  is  shown  by 
the  minute  excretion  of  nitrogen,  which  at  first  falls,  and 
then  remains  almost  permanently  the  same.  It  is  only  after 
a longer  period,  which  may  vary  from  the  fourth  to  the  fifth 
week  according  to  the  original  amount  of  fat,  that  a sudden 
rapid  increase  takes  place  in  the  excretion  of  nitrogen.  This 
is  the  period  at  which  the  store  of  fat  is  used  up,  and  when 
the  animal  commences  to  depend  exclusively  upon  its  store 
of  proteid.  The  animal  will  now  speedily  perish.  If  the 
animal  is  killed  at  the  time  when  the  sudden  increase  of  the 
nitrogenous  excretion  occurs,  all  the  organs  and  tissues  are 
found  to  be  deprived  of  fat.  If  it  is  killed  earlier,  a certain 
amount  of  fat  is  still  found,  f 

Armed  with  this  knowledge,  Hoffmann  was  able  to  de- 
termine when  his  starving  dog  was  free  from  all  fat.  He 
now  fed  him  on  a diet  containing  a great  deal  of  fat  and 


* Franz  Hofmann,  Zcitschr.  f.  Biolog.,  vol.  viii.  p.  153  : 1872. 
t When  the  fasting  animal,  at  the  commencement  of  the  experiment,  is 
unusually  fat,  it  may  happen  that  it  dies  from  failure  of  its  proteids,  even 
before  the  supply  of  fat  is  consumed. 
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but  little  proteid,  viz.  bacon  and  a small  quantity  of  meat. 
The  amount  of  proteid  and  fat  in  the  food  had  been  ac- 
curately estimated.  After  five  days  the  animal  was  killed, 
and  the  amount  of  fat  and  proteid  remaining  in  the  in- 
testine, as  well  as  the  fat  in  the  whole  body,  was  measured. 
It  was  found  that  during  the  five  days  the  dog  had  absorbed 
1854  grms.  of  fat  and  254  grins,  of  proteid,  and  had  deposited 
1358  grms.  of  fat  in  its  body.  This  large  amount  of  fat 
could  not  have  arisen  from  the  proteid.  It  follows,  there- 
fore, that  the  fat  of  the  food  had  been  deposited  in  the 
tissues. 

Pettenkofer  and  Yoit  * obtained  the  same  result  by  a 
different  method.  They  fed  dogs  with  fat  and  a little  meat, 
and  by  the  use  of  the  respiratory  apparatus  they  measured 
the  total  income  and  output.  Their  experiments  showed 
that  all  the  nitrogen  consumed  was  re-excreted,  but  not  all  the 
carbon.  A very  large  proportion  of  the  carbon  was  retained. 
It  was  to  be  inferred  that  a non-nitrogenous  compound  had 
been  stored  in  the  tissues,  and  this  could  be  nothing  but  fat, 
because  there  is  no  other  non-nitrogenous  compound  which 
is  met  with  in  the  tissues  in  such  large  quantities.  The  fat 
deposited  in  the  tissues  could  not  be  due  to  the  decomposed 
albumen,  as  its  amount  was  proportionately  too  large.  It  was 
possible  to  calculate  with  precision  how  much  proteid  had 
been  decomposed,  by  the  quantity  of  nitrogen  excreted.  The 
maximum  amount  of  fat  formed  from  the  decomposed  albu- 
men could  be  calculated  on  the  assumption  that  the  nitrogen 
had  been  separated  from  the  proteid  molecule  as  urea.  The 
amount  of  fat  resulting  from  this  calculation  was  much  less 
than  that  actually  found  in  the  body ; it  was  therefore 
evident  that  this  must  be  derived  from  the  food. 

We  must  now  inquire  whether  it  is  only  that  portion  of 
the  fat  of  food  which  is  absorbed  unaltered  as  a neutral 
glyceride  that  can  be  stored  up  in  the  tissues,  or  whether  that 
* Pettenkofer  and  Voit,  Zeitscjir.  f.  Biolog,,  vol.  ix.  p.  1 : 1873. 
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part  which  is  split  up  in  the  intestine  (compare  pp.  192-194) 
can  also  he  regenerated  and  assimilated. 

Munk  * has  recently  performed  the  most  careful  investi- 
gations to  determine  this  question.  He  showed,  in  the  first 
instance,  that  free  fatty  acids  are  absorbed  from  the  in- 
testine in  large  quantities  as  neutral  fats.  If  free  fatty  acids 
are  shaken  up  with  a dilute  solution  of  alkaline  salts,  a small 
portion  of  the  fatty  acids  is  saponified,  the  remainder  is 
emulsified ; the  same  takes  place  in  the  intestine.  Dogs, 
after  the  consumption  of  a large  quantity  of  free  fatty  acids, 
exhibited  only  a very  small  portion  in  their  faeces,  hut  their 
chyle-ducts  were  full  of  a white  emulsion. 

The  same  inquirer  also  proved  that  free  fatty  acids 
exercise  the  same  economizing  effect  upon  proteids  as  neutral 
fats.  A carnivorous  animal,  in  order  to  maintain  its  body- 
weight,  requires  nearly  one-twentieth  of  this  weight  daily  of 
lean  meat.f  A dog  weighing  25  kgrms.  consequently  requires 
1200  grms.  of  meat.  If  we  give  him  less,  he  excretes  more 
nitrogen  than  he  consumes,  and  he  feeds  upon  the  proteids 
of  his  tissues.  But  if  we  add  fat  to  the  meat  of  his  food, 
the  dog,  although  consuming  less  meat,  maintains  his  nitro- 
genous equilibrium.^:  Munk  established  the  nitrogenous 

equilibrium  in  a dog  weighing  25  kgrms.,  with  800  grms.  of 
meat  and  70  grms.  of  fat,  and  then  showed  that  this  equi- 
librium remained  the  same  if,  instead  of  the  70  grms.  of  fat, 
he  gave  the  dog,  with  the  same  amount  of  meat,  the  free 
fatty  acids  obtained  from  the  70  grms.  of  fat.  In  a second 
experiment,  the  nitrogenous  equilibrium  was  produced  in  a 
dog  weighing  31  kgrms.,  with  600  grms.  of  meat  and  100 

* Immanuel  Munk,  Du  Bois’  Arch.  f.  Physiol.,  p.  371  : 1879;  and  p.  273  : 
1883;  "Virchow’s  Arch.,  vol.  Ixxx.  p.  10:  18S0;  and  vol.  xcv.  p.  407:  1884. 
The  earlier  literature  is  here  quoted. 

t Bidder  and  Schmidt,  “ Die  Verdauungssäfte  und  der  Stoffwechsel,”  p.  333  : 
Mitau  and  Leipzig,  1852;  Pettenkofer  and  Voit,  Ann.  d.  Chem.  u.  Pharm., 
Suppl.  ii.  p.  3G1  : 18G2. 

t Monk,  Virchow’s  Arch.,  vol.  Ixxx.  p.  17 : 1S80. 
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grms.  of  fat,  and  this  was  maintained  when  subsequently  the 
free  fatty  acids  of  100  grms.  of  fat  were  given  him  with 
the  same  amount  of  meat  for  three  weeks. 

The  important  fact  has  further  been  determined  by 
Munk  * that,  after  feeding  with  free  fatty  acids,  only  a very 
small  quantity  of  them  and  of  saponified  matter,  but  much 
neutral  fat,  was  contained  in  the  chyle.  He  fed  dogs  with 
meat  and  fatty  acids,  and  introduced  a cannula  into  the 
thoracic  duct ; a few  hours  later,  he  determined  the  amount 
of  chyle  flowing  out,  and  the  quantity  of  neutral  fat,  fatty 
acids,  and  saponified  matter  contained  in  it.  He  found 
that,  in  the  same  time,  from  ten  to  twenty  times  more 
neutral  fat  passes  through  the  thoracic  duct  than  during 
the  digestion  of  pure  proteids,  while  the  amount  of  soaps 
remains  unaltered.  The  proportion  of  the  free  fatty  acids 
generally  reached  only  to  from  one-twentieth  to  one-tenth, 
in  one  case  less  than  one-thirtieth,  of  the  neutral  fats.  It 
follows  that  a synthesis  of  fatty  acids  with  glycerin  takes 
place  during  the  passage  from  the  intestinal  surface  to  the 
thoracic  duct.f  We  have  no  precise  information  as  to  the 
locality  where  this  synthesis  is  effected.  It  may  be  in  the 
epithelial  cells,  in  the  adenoid  tissue  of  the  intestine,  or  in 
the  lymphatic  glands  of  the  mesentery.  A preliminary  com- 
munication made  by  Ewald  J shows  that  this  synthesis  also 
occurs  in  the  intestinal  mucous  membrane  after  it  has  been 
excised. 

We  do  not  know  the  source  from  which  the  glycerin 
arises  that  is  necessary  for  this  synthetic  process.  At  all 
events,  Munk’s  experiment  proves  that  the  glycerin  in  the 

* Munk,  loc.  cit.,  p.  28,  et  seq. 

t O.  Minkowski  (Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  xxi.  p.  373  : 1886) 
arrived  at  the  same  result.  He  had  the  opportunity  of  experimenting  on  a 
patient  suffering  from  extreme  ascites,  the  result  of  a rupture  of  a chyle-vessel. 
A large  quantity  of  chyle  was  obtained  by  puncture.  After  administering  to  this 
patient  free  erucic  acid,  the  neutral  glyceride  of  this  acid  was  detected  in  the 
chyle. 

X C.  A.  Ewald,  Du  Bois’  Arch.,  p.  302  : 1883. 
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fat  of  our  body  need  not  always  be  derived  from  the  fat  of 
our  food ; it  may  possibly  result  from  the  breaking  up  of 
the  proteids  and  carbohydrates. 

We  must  confess  that  the  fate  of  the  glycerin  in  our 
body  is  entirely  unknown  to  us,  and  at  present  we  are  unable 
to  say  what  becomes  of  the  glycerin  which  is  separated  in 
the  intestine  from  the  fat.  If  a large  quantity  of  glycerin 
is  introduced  into  the  stomach  of  a man  or  a dog,  diarrhoea 
occurs,  and  of  the  glycerin  that  is  absorbed  a portion  passes 
unaltered  into  the  urine.*  Smaller  quantities  do  not  produce 
such  consequences ; in  the  dog,  the  proportion  ought  not  to 
exceed  l-5  grm.  to  1 kgrm.  of  weight.  It  does  not,  how- 
ever, appear  that  they  are  of  the  least  use  to  the  body.  At 
least,  Munk  was  unable  to  find  that  glycerin  produced  any 
economy  in  the  consumption  of  proteid,  whereas  the  same 
quantities  of  carbohydrates  or  fats  are  followed  by  a distinct 
reduction  in  the  excretion  of  nitrogen.  Munk  therefore  denies 
that  glycerin  has  any  value  as  a nutritive  agent  — a con- 
clusion with  which  I am  unable  to  agree.  For  the  free  gly- 
cerin, artificially  introduced,  does  not  necessarily  reach  those 
tissues  in  which  the  glycerin  that  enters  organs  with  the 
neutral  fats,  may  be  utilized  for  the  performance  of  normal 
functions.  Munk  bases  his  views  upon  the  experiments  in 
which  the  fatty  acids  by  themselves  were  shown  to  exercise 
the  same  economizing  effect  upon  the  proteid  metabolism  as 
the  corresponding  amount  of  neutral  glycerides.  But  in  this 
case  the  quantity  of  glycerin  was  too  small.  We  must  not 
forget  that  fat  only  contains  one-tenth  of  its  weight  in  gly- 
cerin ; we  could  not,  therefore,  expect  distinct  evidence  that 
glycerin  has  an  economizing  effect  upon  the  proteid  meta- 
bolism. We  cannot  but  regard  glycerin  a ‘priori  as  a 

* B.  Luchsinger,  “Experimentelle  und  kritische  Beiträge  zur  Physiologie 
und  Pathologie  des  Glycogens,'’  Inaug.  Dissert.,  p.  3S,  et  seq. : Zurich,  1875  ; 
Munk,  Virchow’s  Arch. , vol.  lxxx.  p.  39,  e<  seq. : 1880;  Arnschink,  Zeitschr.  f. 
Biolog.,  vol.  xxiii.  p.  413 : 18S7. 
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valuable  article  of  nutrition,  because  its  beat  of  combustion 
is  higher  than  that  of  all  varieties  of  sugar  (compare  p.  70). 

Finally,  Munk  has  given  definite  proof  that  the  fat 
synthetically  formed  is  also  stored  up  in  the  tissues  of  the 
body.*  A dog  weighing  16  kgrms.  was  rendered  almost 
devoid  of  fat  by  starvation  for  nineteen  days,  during  which 
time  he  lost  32  per  cent,  of  his  original  weight.  In  the 
course  of  the  next  fourteen  days,  the  dog  consumed  3200 
grms.  of  meat,  and  2850  grms.  of  fatty  acids  prepared  from 
mutton  fat.  With  this  diet,  its  weight  rose  again  by  17 
per  cent.  The  animal  was  now  killed,  and  showed  an 
enormously  developed  panniculus  adiposus ; there  was  a 
copious  deposit  of  fat  in  the  intestines,  and  a well-marked 
fatty  liver.  The  deposit  of  fat  removed  by  scalpel  and 
scissors  yielded  nearly  1100  grms.  of  fat  that  was  solid  at  the 
temperature  of  the  room,  and  only  melted  at  a temperature 
of  40°  C.  while  normal  dog’s  fat  is  semi-fluid  at  20°.  It 
follows  that  the  fatty  acids  which  had  been  introduced  were 
deposited  after  combining  with  glycerine  that  had  formed  in 
the  body.  If  the  deposit  of  fat  be  attributed  to  an  econo- 
mizing influence,  exercised  by  the  fatty  acids  introduced, 
and  all  the  fat  deposited  be  regarded  as  entirely  originating 
from  the  proteid,  it  is  not  intelligible  why  mutton  fat  was 
deposited  instead  of  normal  dog’s  fat. 

In  a second  experiment,!  Munk  fed  a dog,  which  had  been 
deprived  of  fat  by  starvation,  with  colza  oil.  In  this  case 
four-fifths  of  the  fat  deposited  in  the  organs  were  liquid  at 
the  temperature  of  the  room ; when  warmed  to  23°,  the 
whole  of  it  melted ; and  at  14°  a granular  crystalline  sediment 
formed.  This  fat  contained  82‘4  per  cent,  of  oleic  acid,  and 
12*5  per  cent,  of  fixed  acids;  whereas  normal  dog’s  fat  only 
yields  on  an  average  65*8  per  cent,  of  oleic  and  28'8  per  cent, 
of  fixed  acids.  In  addition  to  this,  erucic  acid  (C22H42O2), 

* J Munk,  Du  Boia’  Arch.,  p.  273  : 1883. 

t J.  Munk,  Virchow’s  Arch.,  vol.  xcv.  p.  407 : 1884, 
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■which  is  an  ingredient  of  colza  oil,  hut  absent  from  animal 
fat,  was  proved  to  be  present. 

Previous  to  Munk,  two  similar  experiments  had  been 
carried  out  by  Lebedeff  * with  the  same  result  in  two  dogs, 
one  of  which  had  been  fed  with  linseed  oil,  the  other  with 
mutton  fat.  The  fat  in  the  tissues  of  the  former  did  not 
congeal  at  0°,  the  fat  of  the  latter  had  a melting-point  at 
above  50°. 

All  these  experiments  prove  indubitably  that  the  fat  of 
food  is  absorbed  and  deposited  unchanged. 

We  will  now  consider  the  second  point  as  to  whether  fat 
is  formed  from  proteid  in  the  animal  body.  As  fat  takes 
the  place  of  proteid  in  the  cells  and  fibres,  in  cases  of  fatty 
degeneration,  we  should  suppose  that  fat  necessarily  proceeds 
from  this  source.  But  this  fact  cannot  be  interpreted  as 
absolute  proof  of  the  origin  of  fat  from  proteid.  We  must 
not  forget  that  in  the  living  body  there  is  a constant  nutritive 
interchange  going  on  directly  or  indirectly  between  all  the 
tissue-elements.  It  is  possible  that  in  cases  of  fatty  degene- 
ration the  proteids  or  their  decomposition-products  may  pass 
away  from  the  degenerating  tissues,  and  be  replaced  by  the 
fat  or  its  components  from  other  tissues. 

An  exact  quantitative  examination  of  the  total  meta- 
bolism during  a process  of  fatty  metamorphosis,  such  as 
occurs  in  phosphorus-poisoning,  in  which  all  parts  of  the 
body  are  rapidly  involved,  would  show  whether  fat  arose  from 
proteid  or  not.  The  most  careful  investigation  of  this  pro- 
cess was  carried  out  in  Voit’s  laboratory  at  Munich,  by  J. 
Bauer.f  He  estimated  the  output  of  nitrogen  and  carbonic 
acid  and  the  income  of  oxygen  in  fasting  dogs.  He  then 
poisoned  them  with  phosphorus,  which  was  either  given 
them  by  mouth  in  small  doses  spread  over  several  days, 

* A.  Lebedeff  (Salkowski’s  laboratory  in  Berlin),  Med.  Gentralb.,  No.  8 : 
1882. 

t Jos.  Bauer,  Zeitschr.  f.  Biolog.,  vol.  vii.  p.  63:  1871;  and  vol.  xiv.  p.  527  : 
1878. 
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or  subcutaneously  injected,  dissolved  in  oil.  The  con- 
sequence was  that  double  the  amount  of  nitrogen  was 
eliminated,*  and  that  the  amount  of  carbonic  acid  excreted 
and  of  oxygen  absorbed,  dropped  to  one-half.  The  nitrogen 
from  a large  amount  of  proteid,  therefore,  was  split  off  with 
a small  quantity  of  carbon  by  the  action  of  the  phosphorus  ; 
a remnant  free  from  nitrogen  remained  unconsumed  in  the 
body.  If  the  animals  died  a few  days  after  the  administration 
of  phosphorus,  a post-mortem  examination  showed  all  the 
organs  to  be  in  a state  of  fatty  degeneration.  In  one  case, 
the  dried  muscles  contained  42’4  per  cent.,  the  dried  liver 
30  per  cent,  of  fat,  whereas  only  16’7  per  cent,  was  found  in 
normal  dried  dog’s  muscle,  and  only  10’4  per  cent,  in  normal 
dried  liver.  Fat  was  therefore  formed  from  proteid  in 
phosphorus-poisoning.  It  cannot  be  objected  that  the  fat 
had  passed  in  from  the  fatty  connective  tissue  in  the  muscles 
and  in  the  liver,  because  the  dog  had  been  starved  for  twelve 
days  before  the  commencement  of  the  poisoning,  and  died  on 
the  twentieth  day  of  starvation.  But  experience  has  shown 
that  in  dogs  all  fat  visible  to  the  naked  eye  disappears 
from  the  subcutaneous  cellular  tissue  and  the  mesentery 
after  twelve  days  of  starvation. 

Arsenic  and  antimony,  which  are  chemically  so  closely 
related  to  phosphorus,  seem  to  operate  in  a similar  manner. 
They  need  not,  however,  be  administered  as  free  elements,  as 
they  also  when  in  the  oxidized  condition,  cause  increased 
elimination  of  nitrogen  and  fatty  degeneration  of  the  organs.f 
We  are  at  present  unable  even  to  suggest  an  explanation  of 
this  action. 

* The  increase  in  the  elimination  of  nitrogen  after  phosphorus-poisoning  was 
shown  before  Bauer  by  0.  Storch,  “ Den  acute  Phosphorforgiftning,”  etc.,  Dissert. : 
Kjobenhavn,  1865.  Paul  Cazeneuvo  has  recently  confirmed  Storch’s  and  Bauer’s 
results  in  the  Revue  menmelle  de  mddec.  et  de  Chirurg.,  vol.  iv.  pp.  265, 444:  1880. 

t Gähtgens,  Centralb.  f.  d.  mcd.  Wnsemch.,  p.  529:  1875;  Kossel,  Arch.  f. 
exper.  Path.  u.  Pharm.,  vol.  v.  p.  128:  1876;  Gähtgens,  ibid.,  vol.  v.  p.  833: 
1876;  and  Centralb.  f.  d.  med.  K issentch.,  p.  321  : 1876;  and  Saikowsky,  Virchow’s 
Arch.,  vol.  xxxiv.  p.  73 : 1865. 
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Tlie  experiments  with  phosphorus-poisoning  only  prove 
the  origin  of  fat  from  proteid  under  these  definite  abnormal 
conditions.  The  question  is  whether  this  conversion  likewise 
takes  place  under  normal  circumstances. 

The  following  simple  experiment  made  by  Franz  Hofmann* 
on  fly-maggots,  undoubtedly  proves  that  fat  does  arise  from 
proteid  under  normal  conditions.  It  is  an  easy  matter  to 
collect,  free  from  impurity,  the  eggs  of  the  Muscicla  vomitoria, 
which  are  laid  in  heaps  on  a corpse  in  the  summer-time. 
Part  of  the  eggs  so  obtained  was  employed  by  Hofmann  to 
estimate  the  amount  of  fat ; the  other  part  was  allowed  to 
develop  on  blood.  The  fat  in  the  blood  was  also  determined. 
After  the  maggots  were  full-grown,  the  fat  in  them  was  like- 
wise ascertained.  It  was  found  that  there  was  ten  times  as 
much  fat  in  the  full-grown  maggots  as  in  the  eggs  and  blood 
together.  For  instance,  in  one  experiment,  0’02  grm.  of 
eggs  containing  O'OOl  grm.  of  fat  developed  in  52  grms.  of 
blood,  which  had  0-017  grm.  of  fat,  the  full-grown  maggots 
containing  0-201  grm.  of  fat.  This  can  only  have  been 
formed  from  the  proteid  of  the  blood ; it  cannot  be  referred 
to  the  sugar  of  the  blood,  for  50  grms.  of  blood  seldom 
contain  more  than  0*07  grm.  of  sugar,  and  even  this  far  too 
small  a quantity  must  have  decomposed  very  rapidly;  be- 
sides, the  maggots  had  not  consumed  nearly  all  the  blood. 

From  the  following  experiments  on  dogs,  Pettenkofer  and 
Voit  f came  to  the  conclusion  that  fat  may  be  formed  from 
albumen,  in  mammals,  with  a normal  dietary.  They  fed  them 
on  large  quantities  of  lean  meat,  and  with  the  help  of  the  respi- 
ratory apparatus  they  determined  the  total  income  and  output. 
It  was  found  that  all  the  nitrogen,  but  not  all  the  carbon,  of 
the  meat  reappeared  in  the  excretions.  In  one  experiment,! 


* Franz  Hofmann,  Zeitsclir.  f.  Biolog.,  vol.  viii.  p.  159:  1S72. 
t Pettenkofer  and  Yoit,  Liebig’s  Annul.,  Suppl.  ii.  p.  361:  1S62;  Zeitsclir. 
f.  Biolog.,  vol.  vi.  p.  377 : 1870;  and  vol.  vii.  p.  433  : 1871. 
t Ibid.,  vol.  vii.  p.  487  ; 1871. 
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for  instance,  in  which  a dog  of  34  kgrms.  weight  ate  2800 
grms.  of  meat,  the  whole  of  the  nitrogen  was  eliminated, 
against  only  271  grms.  of  the  carbon,  of  which  313  grms. 
had  been  taken;  42  grms.  were  therefore  missing.  These 
remained  behind  in  the  body  as  a non-nitrogenous  compound, 
and  moreover,  as  Pettenkofer  and  Yoit  concluded,  in  the  form 
of  fat.  It  may  he  objected  that  this  compound  may  have 
been  glycogen  just  as  well  as  fat.  The  amount  of  glycogen 
stored  in  the  body  of  carnivora  is  by  no  means  inconsider- 
able, and  varies  widely.  Böhm  and  Hofmann  * found  it 
amounted  from  P5  to  8’5  grms.  per  kilogramme  of  a cat’s 
weight.  The  42  grms.  of  carbon  correspond  to  about  100 
grms.  of  carbohydrates.  If,  therefore,  we  assume  that  the 
former  are  stored  in  this  form,  there  must  be  an  increase  of 
glycogen  amounting  to  3 grms.  per  kilogramme  of  the  body- 
weight,  which  does  not  appear  impossible.  But  we  ought 
not  to  forget  that  this  increase  of  glycogen  must  take  place 
in  one  day ; the  animal  had  had  the  same  food  on  the 
previous  day,  therefore  so  great  a change  in  the  amount  of 
glycogen  was  not  very  probable.  But  the  experiments  must 
he  continued  over  a longer  time  before  this  point  can  be 
definitely  settled.  It  might,  however,  be  decided  in  another 
way,  i.e.  if  it  were  possible  to  make  an  exact  comparison  of 
the  income  and  output  of  oxygen.  The  difference  in  the 
amount  of  oxygen  in  fat  and  glycogen  is  very  considerable.  It 
must  therefore  be  possible  to  determine  the  form  in  which 
carbon  is  stored  up  from  the  quantity  of  the  oxygen  remain- 
ing in  the  body.  But  at  present  we  have  no  method  of 
directly  estimating  the  amount  of  oxygen  in  food,  and  even 
the  inspired  oxygen  is  calculated,  according  to  Pettenkofer’s 
method,  from  the  difference. 

One  more  objection  may  be  raised  to  the  experiment  made 
by  Pettenkofer  and  Yoit,  i.e.  that  the  meat  was  not  quite  free 
from  fat  and  carbohydrates.  The  formation  of  fat  from 
* Böhm  and  Hofmann,  Arch.f.  exper.  Path.  u.  Pharm.,  yoI.  viii.  p.  290  : 1878. 
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albumen  in  the  organism  of  the  mammal,  under  normal  con- 
ditions, has  therefore  not  yet  been  decisively  proved.*  But  it 
is,  however,  highly  probable,  because  it  is  certainly  the  case 
with  the  lower  animals  under  normal  circumstances,  and 
with  mammals  under  pathological  conditions.  Moreover, 
it  may  be  adduced  in  favour  of  the  normal  formation  of 
fat  from  proteid,  that,  as  we  have  already  seen  (p.  385),  gly- 
cogen owes  its  origin  to  proteid,  and  fat  to  glycogen,  and 
in  fact  to  any  carbohydrates,  as  will  be  shown  directly. 
No  chemical  explanation  of  the  formation  of  fat  from  proteid 
can  at  present  be  offered.  However,  the  process  must  not 
be  regarded  as  of  so  simple  a nature,  that  the  fat  is 
immediately  split  off  from  the  gigantic  proteid-molecule  as 
a preformed  radical.  Profound  decompositions,  metamor- 
phoses, and  consequent  syntheses  are  going  on,  of  which  we 
cannot  at  present  even  form  a conception. 

We  now  come  to  the  third  and  last  point,  as  to  whether 
the  caebohydkates  are  converted  into  fat  in  the  animal  body. 
From  the  numerous  experiments  made  on  this  subject,  we 
will  select  the  following,  as  being  perfectly  reliable  in  their 
results. 

N.  Tschervinsky  t made  his  experiments  with  young  pigs. 
In  one  he  used  two  of  ten  weeks  old  from  the  same  litter, 
No.  1 weighing  7300  grms.,  and  No.  2 7290  grms.  It 
would,  therefore,  be  supposed  that  each  had  about  the  same 
proportion  of  fat  and  albumen  as  the  other.  No.  1 was 
killed,  and  all  the  fat  in  the  body  was  estimated,  as  well  as 
the  nitrogen,  from  which  the  maximum  of  proteids  was 

* The  remaining  experiments  quoted  in  favour  of  the  view  that  fat  is 
formed  from  proteid,  are  also  rather  doubtful.  Compare  Subbotin,  Virchow’s 
Arcli.,  vol.  xxxvi.  p.  561 : 1866;  and  Kemmerich,  Centralb.f.  d.  mcd.  Wissensch., 
p.  465 : 1866  ; and  p.  127 : 1S67. 

t N.  Tschervinsky,  Landw.  Versuchsstationen,  vol.  xxix.  p.  317 : 1S83. 
Experiments  of  a similar  character  by  other  authors  led  to  the  same  results- 
(E.  Soxhlet,  Zeitschr.  d.  landwirthsshaftlichen  Vereins  in  Bayern,  August-Heft, 
1881;  B.  Schulze,  Landw.  Jahrb.,  1,  57:  18S2;  St.  Chaniewski,  Zeitschr.  /. 
Biolog.,  vol.  xx.  p.  179 : 1884). 
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determined.  No.  2 was  then  fed  on  barley  for  four  months. 
The  barley  was  analyzed,  and  an  account  was  kept  of  the 
barley  consumed.  The  amount  of  undigested  fat  and  proteid 
was  also  estimated  by  analysis  of  the  excretions ; and  in  this 
way,  the  quantity  of  these  two  substances  absorbed  by  the 
animal  in  the  four  months  was  ascertained.  The  animal, 
whose  weight  had  increased  to  24  kgrms.,  was  now  killed, 
and  the  proportion  of  proteid  and  fat  in  the  whole  body 
determined. 

No.  2 contained  . . . . 2‘52  kgrms.  proteid,  and  9 25  kgrms.  fat. 

No.  1 ,,  . . ••  0'96  „ ,,  ,,  0 69  ,,  „ 


There  were  added,  therefore  l-56  „ „ „ 8 56 

Taken  up  with  the  food  . . 7-49  „ „ „ 0'66 


Difference  — 593 


+ 7-9 


Thus  7'9  kgrms.  of  fat  had  been  added  in  the  body — an 
amount  which  could  not  have  originated  from  the  fat  of  the 
food;  of  this  only  the  smallest  portion  could  have  arisen 
from  the  5-93  of  the  proteid  that  was  derived  from  the  food, 
and  was  not  deposited  in  the  form  of  proteid.  At  least 
5 kgrms.  of  fat  must  therefore  owe  its  origin  to  the  carbo- 
hydrates of  the  diet.  This  is  so  large  a proportion  as  to 
refute  all  doubts,  and  particularly  the  objection,  that  the 
identity  in  the  amount  of  fat  and  albumen  in  both  animals, 
upon  which  the  whole  experiment  rests,  is  an  arbitrary 
assumption. 

A different  method  was  adopted  by  Meissl  and  Strohmer.* 
They  fed  a one-year-old  pig,  weighing  140  kgrms.,  that  was 
inclined  to  corpulency,  for  seven  days  upon  rice,  which  is 
poor  in  fat  and  proteids  and  rich  in  carbohydrates.  Two 
kgrms.  were  administered  to  the  animal  every  day.  The 
rice  had  been  analyzed ; the  urine  and  freces  were  collected 
and  also  analyzed.  On  the  third  and  sixth  days  of  the 
experiment,  the  animal  was  placed  in  Pettenkofer’s  respira- 

* E.  Meissl  and  P.  Strohmer,  Sitzunrjsber.  d.  lc.  Alcad.  d.  Wisscnsoli.  in  Wien., 
vol.  lxxxviii,  Abth.  III.,  Juli-Hoft,  1883. 
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tory  apparatus,  in  order  to  determine  the  excretion  of  carbon. 
The  result  was  that  289  grms.  of  the  carbon  daily  consumed, 
and  6 grms.  of  the  nitrogen,  were  retained  in  the  body : 
38  grms.  of  albumen  with  20  grms.  of  carbon  correspond 
to  the  6 grms.  of  nitrogen.  It  follows  that  269  grms.  of 
carbon  must  have  been  daily  retained  in  the  body  as  fat. 
It  is  impossible  that  so  large  a quantity  of  carbon  could  every 
day  have  been  stored  up  as  glycogen.  How,  then,  was  this 
quantity  of  fat  formed?  Of  the  daily  food,  5’3  grms.  of  fat 
and  104  grms.  of  albumen  had  been  digested;  of  the  latter, 
38  grms.  had  been  deposited.  The  remaining  66  grms.  of 
proteid  and  the  5'3  grms.  of  fat  cannot  have  yielded  the  269 
grms.  of  carbon  necessary  for  the  deposit  of  fat,  which  must 
therefore  be  derived  from  the  carbohydrates. 

It  has  often  been  asserted  that  the  formation  of  fat  from 
carbohydrates  only  takes  place  in  herbivora  and  omnivora, 
and  not  in  carnivora.  I therefore  briefly  mention  the  following 
experiment,  which  Bubner,*  with  the  help  of  a respiratory 
apparatus,  made  on  a dog.  The  animal,  after  fasting  two 
days,  was  fed  on  cane-sugar  and  starch.  A large  quantity  of 
carbon  was  retained — much  too  large,  in  fact,  to  be  accounted 
for  by  the  deposit  of  glycogen ; it  follows  that  fat  had  been 
formed  from  carbohydrates. 

The  formation  of  fat  from  carbohydrates  offers  a complete 
enigma  to  the  chemist,  and,  more  than  anything  else,  proves 
that  the  synthetic  pröcesses  occurring  in  the  animal  cell  are 
as  complicated  as  those  in  the  vegetable  cell. 

Many  attempts  have  been  made  to  utilize  our  knowledge 
with  regard  to  the  formation  of  fat,  in  order  to  determine  the 
causes  of  corpulency  in  man,  and  the  means  of  counteracting 
and  preventing  it.  The  error  has  been  committed  of 
attributing  the  cause  of  obesity  to  too  ample  a diet,  or  even 
to  an  unsuitable  combination  of  food,  such  as  a diet  with  an 
excessive  proportion  of  carbohydrates  or  of  fat. 

* Max  Rubner,  Zeitschr.f.  Biolog.,  vol.  xxii.  p.  272:  1SS6. 
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It  is  both  right  and  natural  for  a man  to  eat  whatever 
he  likes  and  as  much  as  he  likes,  and,  if  he  otherwise  leads 
a healthy  life,  this  system  does  not  conduce  to  corpulency. 
"Why  should  we  accuse  a normal  function  of  being  the  cause 
of  a pathological  process  ? Obesity  is  in  all  cases  due  to 
insufficient  employment  of  the  muscles.  A person  taking 
bodily  exercise  does  not  become  fat,  whatever  form  of  diet  he 
adopts.  I quite  admit  that  the  tendency  to  corpulency  may 
vary  considerably  in  different  people;  but  this  only  shows 
that  the  organs  which  constitute  half  the  weight  of  the  body 
may  not  be  suffered  to  become  atrophied  with  impunity  in 
every  case.  There  is  no  such  thing  as  a disposition  to 
stoutness  which  may  not  be  overcome  by  muscular  work. 
Show  me  a single  fat  field-labourer ! It  cannot  be  said  that 
all  these  people  are  badly  fed ; many  of  them  are  as  well 
nourished  as  it  is  possible  to  be,  and  their  diet  is  certainly 
never  poor  in  carbohydrates,  nor  often  in  fatty  matter. 

It  is  well  known  that  the  deposit  of  fat  is  encouraged  by 
the  use  of  alcohol,  for  which  we  are  at  present  unable  to 
give  a satisfactory  explanation.  It  readily  suggests  itself 
that  alcohol,  as  a very  combustible  substance,  exercises  an 
economizing  effect  upon  organic  articles  of  diet,  which  are 
all  capable  of  being  converted  into  fat.  But  it  is  possible 
that  alcohol  promotes  the  formation  of  fat,  in  the  same  way 
as  we  have  seen  with  other  poisons,  such  as  phosphorus, 
arsenic,  and  antimony  (vide  supra,  'pp.  142-143,  and  pp. 
408-409).  In  a great  measure,  the  influence  of  alcohol  on 
fat-formation  may  be  attributed  to  the  paralyzing  influence  it 
exerts  upon  the  human  brain,  causing  indolence  and  indis- 
position to  bodily  exertion.  The  therapeutics  of  corpulency 
are,  therefore,  very  simple : the  patient  must  be  prohibited 
the  use  of  all  alcoholic  beverages,  and  he  must  be  required 
to  take  exercise.  In  many  cases,  to  forbid  alcohol  is  all  that 
is  required.  With  regard  to  the  latter  point,  it  is  necessary 
to  be  cautious,  and  not  to  insist  upon  sudden  and  violent 
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muscular  work,  if  the  heart  already  shows  signs  of  weakness 
and  fatty  degeneration.  Corpulency  should  not  be  met  by 
a so-called  short  cure,  such  as  mountaineering  during  a few 
weeks  in  the  year.  The  cure  should  last  as  long  as  life,  and 
should  merely  consist  in  putting  the  muscles  to  their  natural 
use.  That,  however,  is  the  very  thing  the  wealthy  patient 
will  not  do,  any  more  than  he  will  renounce  his  alcohol. 
Physicians,  therefore,  have  devised  the  most  extraordinary 
methods  for  reducing  fat,  by  which  possibly  some  thousands 
have  been  cured  to  death.  The  absurdity  of  all  these  cures 
consists  in  trying  to  substitute  one  abnormality  for  another. 
The  physician  endeavours  to  compensate  for  insufficient 
muscular  work  by  insufficient  nourishment,  or  by  a badly 
composed  diet,  or  even  by  causing  an  imperfect  digestion  of 
the  food  (through  administering  saline  purgatives) ; in  other 
cases,  he  permits  the  continued  use  of*  alcohol  while  with- 
drawing the  carbohydrates  and  fats. 

If  the  first  irregularity  be  entirely  and  permanently  over- 
come, it  is  unnecessary  to  interfere  in  any  other  way  with  the 
natural  course  of  the  vital  functions. 
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LECTURE  XXI. 

DIABETES  MELLITUS. 

In  our  remarks  on  metabolism  in  the  liver,  and  on  the  source 
of  muscular  energy,  we  became  acquainted  with  the  destiny 
of  carbohydrates  in  the  body,  and  with  the  way  in  which  they 
are  utilized  under  normal  conditions.  We  are  now,  therefore, 
in  a position  to  consider  the  intricate  investigations  concern- 
ing the  destiny  of  carbohydrates  under  pathological  conditions, 
and  especially  the  researches  into  the  causes  and  nature  of 
diabetes  mellitus.  This  is  a subject  which  touches  on  all 
branches  of  physiological  chemistry,  and  about  which  a 
complete  library  of  books  * has  been  written,  the  references 
to  which  would  alone  form  a good-sized  volume. 

These  remarks  will  be  confined  to  the  chronic  form  of 
diabetes.  Transient  glycosuria  f occurs  as  a consequence, 
and  sometimes  as  an  unimportant  symptom  in  a great 
variety  of  maladies,  such  as  zymotic  diseases,  digestive  dis- 
turbances, neuralgia,  haemorrhages,  and  other  affections  of 
the  brain,  cerebro-spinal  meningitis,  epilepsy,  psychical 


* An  account  of  the  most  important  works  on  diabetes  mellitus  is  given  by 
01.  Bernard,  “ Lemons  sur  le  diabfcte:”  Paris,  1877;  Ed.  Külz,  “Beiträge  zur 
Pathologie  und  Therapie  des  Diabetes  mellitus : ” Marburg,  1871  and  1875  ; 
Frerichs,  “Ueber  d.  Diabetes  : ” Berlin,  1884.  Frerichs  has  watched  no  less  than 
four  hundred  cases  of  diabetes,  and  has  recorded  the  results  of  his  wide  experi- 
ence in  a clear,  comprehensive,  and  critical  work,  especially  remarkable  for  its 
objectivity.  We  strongly  recommend  this  book  to  the  student.  Compare  also 
F.  W.  Pavy,  “On  the  Nature  and  Treatment  of  Diabetes,”  2nd  edit.,  London; 
and  J.  Seegen,  “ Der  Diabetes  mellitus,”  Aull.  ii. : Berlin,  1875 ; and  Arnoldo 
Cantani,  “ Der  Diabetes  mellitus,”  Deutsch  von  S.  Halm  : Berlin,  1880. 

t Frerichs  ( lor, . cit.,  pp.  25-61)  gives  a comprehensive  account  of  all  forms  of 
transient  glycosuria. 
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excitement,  poisoning  by  various  substances,*  etc.  No  satis- 
factory explanation  to  account  for  the  appearance  of  glycosuria 
in  all  these  cases  has  yet  been  given,  and  it  would  lead  us 
too  far  to  discuss  all  the  maladies  of  which  glycosuria  forms 
a symptom. 

But  even  if  we  confined  ourselves  to  that  chronic  disorder 
which  is  strictly  termed  diabetes,  a complete  account  of  the 
disease  and  its  numerous  and  varying  symptoms  would  be 
beyond  the  scope  of  the  present  lecture.  It  is  merely  our 
intention  to  collect  the  chief  results  of  the  experimental 
investigations  carried  out  for  the  purpose  of  determining 
the  causes  and  nature  of  this  disease. 

Up  to  the  present,  pathological  anatomy  has  led  to  no 
conclusion.  Post-mortem  examination  of  the  bodies  of 
diabetics  proves  that  there  is  not  a single  organ  which  does 
not  occasionally  show  anatomical  changes;  on  the  other 
hand,  there  is  not  a single  organ  that  does  not  frequently 
appear  normal.  It  is  likewise  impossible,  in  all  cases,  to 
decide  whether  these  anatomical  changes  are  the  cause  or 
the  consequence  of  the  chemical  changes.! 

We  will,  therefore,  restrict  ourselves  to  the  consideration 
of  those  data  which  bear  upon  physiological  chemistry.  The 
most  obvious  symptom,  the  occurrence  of  sugar  in  the  urine, 
has  always  formed  the  basis  of  these  observations. 

As  already  stated,  normal  urine  contains  no  sugar,  or  at 
most  a trace.  In  diabetes,  often  a very  considerable  amount 
is  found,  varying  from  a few  grammes  to  one  kilogramme 
in  twenty-four  hours’  urine.  This  sugar  is  invariably  dextro- 
rotatory grape-sugar.!  With  many  patients  who  have  the 

* Of  these  substances,  phloridzin  must  be  particularly  mentioned ; its  glycosuric 
action  on  animals  containing  no  glycogen  has  been  already  noticed  (p.  3S6). 

f Frerichs  (Inc.  cit.,  pp.  144-183)  gives  a comprehensive  and  instructive 
tabulated  account  of  the  results  of  fifty-five  autopsies. 

X J.  Seegen  states  that  be  has  found  lsevo-rotatory  sugar  in  the  urine  of  a 
person  suffering  from  “diabetes  intermittens  ” (Centralb.  /.  d.  med.  Wissenscli.) , 
No.  43.  1884. 
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disease  in  a mild  form,  the  sugar  disappears  from  the  urine 
if  carbohydrates  are  excluded  from  the  diet ; with  others  who 
are  more  seriously  affected,  the  excretion  of  sugar  continues, 
even  though  an  exclusive  meat  diet  be  adopted.  In  what 
way  can  we  account  for  the  appearance  of  this  large  amount 
of  sugar  in  the  urine  ? 

Only  two  suppositions  are  open  to  us.  Either  the  kidneys 
have  lost  their  power  of  preventing  the  sugar,  normally 
present  in  the  blood,  from  passing  into  the  urine ; or  else 
the  kidneys  have  retained  their  usual  function,  but  the 
amount  of  sugar  in  the  blood  has  abnormally  increased. 

The  latter  supposition  must  be  regarded  as  the  correct 
one  ; for  the  former  would  imply  that  there  is  less  than  the 
normal  amount  of  sugar  in  the  blood  of  diabetic  patients, 
whereas  the  quantity  found  is,  as  a matter  of  fact,  always 
above  the  normal.  The  blood  of  man  and  of  the  dog  normally 
contains  from  005  to  0‘15  per  cent,  of  sugar  ; the  blood  of 
diabetic  patients  from  0'22  to  0*44  per  cent.*  If  the  propor- 
tion of  sugar  in  a dog’s  blood  be  artificially  increased  to 
more  than  0-3  per  cent.,  by  the  injection  of  a saccharine 
solution,  sugar  passes  into  the  urine  through  the  kidneys  in 
the  usual  manner.  No  affection  of  the  kidneys  has  ever  been 
discovered  in  the  first  stages  of  diabetes. 

It  is  therefore  certain  that  an  abnormal  increase  of  sugar 
in  the  blood  is  the  cause  of  the  appearance  of  sugar  in  the 
urine. 

We  now  come  to  the  question  as  to  the  cause  of  the 
increase  of  sugar  in  the  blood,  and  again  we  have  to  choose 
between  two  explanations.  There  must  be  either  a larger 
quantity  of  sugar  formed,  or  a smaller  amount  of  sugar 
decomposed. 

The  first  explanation  cannot  be  accepted,  for  from  what 
could  the  large  proportion  of  sugar  be  formed  ? Not  from 

* Carl  Bock  und  Frdr.  Albin  Hofmann,  “ Experimentelle  Studien  über 
Diabetes,”  p.  61  : Berlin,  1871 ; Frorichs,  loc.  cit.,  p.  269. 
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the  other  carbohydrates,  as  this  would  be  a normal  process ; 
not  from  the  fats,  as  diabetic  patients  can  digest  and  assimi- 
late them  in  large  quantities.*  As  to  the  proteids,  assuming, 
that  a diabetic  patient  consumed  300  grms.f  in  a day  (which 
it  would  be  difficult  to  do),  even  this  amount  of  albumen 
would  not  form  more  than  about  200  grms.  of  sugar ; for  a 
large  proportion  of  the  carbon  must  be  given  off  with  the 
nitrogen.  But  even  if  200  grms.  of  sugar  reached  the  blood 
in  the  course  of  each  day,  it  would  not  cause  diabetes,  so 
long  as  the  decomposition  of  sugar  remained  normal.  A 
man,  on  a diet  of  potatoes,  will  form  from  600  to  1000  grms. 
of  sugar  per  day  from  the  starch  in  his  food,  without  any 
sugar  passing  into  the  urine. 

We  must  therefore  accept  the  other  explanation,  that  the 
increase  of  sugar  in  the  blood  of  diabetic  patients  is  due  to  a 
diminution  in  the  amount  of  sugar  decomposed. 

The  power  of  decomposing  the  sugar  is  never  entirely 
arrested  ; it  is  only  more  or  less  impaired.  Külz  X has  shown 
that,  even  in  severe  cases  of  diabetes,  there  is  a smaller 
amount  of  sugar  in  the  urine  than  would  correspond  to  the 
carbohydrates  of  the  food. 

We  will  now  proceed  to  inquire  how  the  power  of  splitting 
up  sugar  is  impaired — a question  which,  again,  appears  to 
be  capable  of  but  two  answers.  We  are  only  acquainted  with 
two  processes  by  which  food  is  split  up  in  our  tissues : de- 
composition and  oxidation.  One  of  these  two  processes  must 
be  diminished. 

* Pettenkofer  and  Voit,  Zeitsclir.  f.  Biolog.,  vol.  iii.  pp.  406,  408,  416,  428, 
436  : 1876.  L.  Block  ( Deutsch . Arcli.f.  lelin.  Med.,  vol.  xxv.  p.  470  : 1880)  found 
that  only  9 grms.  out  of  from  120  to  150  grms.  of  fat  reappeared  in  the  faeces  of 
diabetic  patients. 

t With  a diabetic  patient,  the  urea  excreted  in  twenty-four  hours  seldom 
amounts  to  more  than  100  grms.,  which  corresponds  to  300  grms.  of  proteid. 
Pettenkofer  and  Voit  (loc.  cit.,  p.  424),  found  from  46  to  86  grms.  of  urea  in  a 
severe  case  of  diabetes,  the  patient  being  allowed  to  eat  whatever  he  liked. 

t Külz,  “ Beitr.  z.  Path.  u.  Therap.  d.  Diabetes  mellitus,”  pp.  110-119: 
Marburg,  1874. 
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No  decline  in  the  process  of  oxidation  in  diabetes  has  so 
far  been  proved  from  observations  and  experiments.  The 
ultimate  products  of  proteid  combustion  are  normal,  and 
the  fat  appears  to  be  completely  oxidized  to  carbonic  acid 
and  water.  Salts  of  vegetable  acids,  and  lactates,  reappear 
in  the  urine  as  carbonates.* * * §  Benzol  is  oxidized  to  phenol. f 
Certain  carbohydrates  even  (such  as  lsevulose,  inulin,  and 
inosit),  and  mannite,  which  is  so  closely  related  to  the 
carbohydrates,  are  decomposed.^  How  is  it  that  grape- 
sugar  alone  remains  unoxidized  ? 

That  oxidation  is  not  impeded  is  further  proved  by  the 
circumstance  that  no  increase  of  sugar  in  the  blood,  or 
passage  of  sugar  into  the  urine,  § has  ever  been  observed 
either  in  diseases  connected  with  disturbances  of  external 
and  internal  respiration,  or  in  artificial  respiratory  dis- 
turbances.! 

We  must  therefore  conclude  that  the  grape-sugar  cannot 
be  oxidized,  because  its  decomposition  is  impeded ; decompo- 
sition must  precede  oxidation  ; if  the  former  be  impaired,  the 
latter  cannot  take  place,  although  neither  external  nor  in- 
ternal respiration  is  disturbed. 

0.  Schultzen  IT  endeavoured  to  support  this  view  by 


* O.  Schultzen,  Berliner  ltlin.  Wochenschr. , No.  35  : 1872;  Nencki  and  Sieber, 
Zeitsclir.  f.  prakt.  Chern.,  vol.  xxvi.  p.  34:  1882. 

+ Nencki  and  Sieber,  loe.  cit.,  p.  36. 

t E.  Kiilz,  ‘-Beitr.  z.  Path.  u.  Therap.  d.  Diabetes  mellitus,”  pp.  127-175  : 
Marburg,  1874.  The  experiment  with  mannite  does  not  seem  to  be  convincing, 
because  borborygmi,  flatulence,  and  diarrhoea  occurred  after  taking  it.  It  is 
possible  that  the  mannite  introduced  was  mostly  decomposed  by  fermentative 
organisms  in  the  alimentary  canal.  A small  amount  was  found  unaltered  in 
the  urine.  With  respect  to  inosit,  vide  also  E.  Kiilz,  Sitzungsber.  d.  Ges.  z. 
Beförderung  d.  ges.  Naturw.  zu  Marburg,  No.  4 : 1876. 

§ Von  Mtring,  Arch.  f.  Phgsiol.,  p.  381  : 1877. 

||  Senator,  Virchow’s  Arch.,  vol.  xlii.  p.  1 : 1868. 

IT  O.  Schultzen,  loc.  cit.  The  view  that  sugar  could  only  be  oxidized  sub- 
sequently to  decomposition  was  first  suggested  by  Scheremetjewski  in  a research 
published  from  C.  Ludwig’s  laboratory  (Arb.  aus  d.  physiol.  Anstalt  zu  Leipzig, 
p.  145  : Jahrg.,  1868 ; Leipzig,  1860).  Compare  also  Nencki  and  Sieber,  loc.  cit., 
p.  39. 
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comparing  observations  on  diabetics  with  those  on  persons 
suffering  from  phosphorus-poisoning.  As  we  have  already 
seen  (p.  269),  oxidation  is  diminished  in  cases  of  phosphorus- 
poisoning. Instead  of  sugar,  lactic  acid  occurs  in  the  urine  ; 
and  this  Schultzen  regarded  as  a normal  product  of  the 
decomposition  of  grape-sugar.  He  therefore  said  that,  after 
phosphorus-poisoning,  the  power  of  oxidation  was  lost,  but 
not  that  of  decomposition,  while  the  reverse  was  the  case 
in  diabetes.  Hence,  after  phosphorus-poisoning,  the  normal 
product  of  decomposition  appears  in  the  urine,  while  hi 
diabetics,  in  spite  of  undisturbed  oxidation,  the  unaltered 
grape-sugar  appears  in  the  urine. 

The  following  experiment  of  Pettenkofer  and  Yoit  * may 
be  interpreted  in  the  same  way.  By  means  of  their  respi- 
ratory apparatus,  they  showed  that  a diabetic  took  in  less 
oxygen  and  excreted  less  carbonic  acid  than  a healthy  person. 

It  was  not  that  less  sugar  was  broken  up,  because  the 
income  of  oxygen  was  reduced,  but  that  less  oxygen  was  used 
up,  because  the  formation  of  oxidizable  products  of  decompo- 
sition was  diminished. 

This  theory  is  very  inviting,  but  objections  may  be  raised 
to  it.  The  fact,  already  mentioned  in  our  remarks  concern- 
ing internal  respiration  (p.  281),  that  certain  substances, 
after  introduction  into  the  body,  appear  in  the  urine  con- 
jugated with  glycuronic  acid,  is  opposed  to  the  view  that 
decomposition  must  precede  oxidation.  Glycuronic  acid  is 
undoubtedly  a product  of  oxidation,  but  not  of  decomposition ; 
all  six  atoms  of  carbon  are  still  united,  and  yet  oxidation  has 
begun.  Conjugation  alone  prevents  its  completion ; and  as 
soon  as  the  compound  is  split  up,  nothing  can  stop  its  further 
progress. 

Nencki  and  Sieber  say,  “ We  do  not  doubt  that,  if  the 
diabetic  could  break  up  sugar  to  form  lactic  acid,  he  would 

' * Pettenkofer  and  Yoit,  Zeitschr.  f.  Biolog.,  vol.  iii.  pp.  42S,  429,  431,  and 
432  : 1867. 
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afterwards  be  able  completely  to  oxidize  the  sugar.”  * But 
lactic  acid  is  evidently  not  the  normal  product  of  decompo- 
sition of  sugar  in  the  body.  The  sarcolactic  acid,  which 
is  invariably  present  in  the  organs,  probably  arises  from 
proteid  (pp.  345-346).  As  nothing  is  yet  known  concerning 
the  course  and  sequence  of  the  decomposition  and  oxidation 
of  sugar  in  the  organism  under  normal  conditions,  we  are 
scarcely  in  a position  to  inquire  into  the  abnormal  chemical 
processes  occurring  in  diabetes. 

Attention  must  be  particularly  called  to  the  occurrence 
in  the  diabetic  urine  of  substances  which  are  evidently 
products  of  incomplete  oxidation : oxybutyric  acid,  aceto- 
acetic  acid,  and  aceton.j  They  probably  arise  from  the 
proteids,  for  their  amount  is  independent  of  any  addition  of 
carbohydrates  to  the  diet,  but  increases  with  increased  proteid 
metabolism.  $ They  do  not  occur  in  all  cases  of  diabetes,  but 
generally  in  the  more  severe  forms  of  the  disease,  in  which 
the  destructive  metabolism  of  proteid  is  augmented. 

The  oxybutyric  acid  in  diabetic  urine  is  the  laevo-rotatory 
ß-oxy butyric  acid  (CH3  - CH(OH)  - CH2  - COOH) . The  aceto- 
acetic  acid  (CH3  — CO  — CH2  — COOH),  which  can  be  artificially 
produced  by  oxidation  from  ß-oxybutyric  acid,  breaks  up 
readily  into  acetoji  and  carbonic  acid : CH3  — CO  — CH2  — 
COOH  = CH3  — CO  — CH3  + C02.  The  aceto-acetic  acid  and 
the  aceton  in  diabetic  urine  have  probably  originated  in  the 
same  way  in  the  organism. 

* Nenclci  and  Sieber,  Journ.  f.  prdkt.  Ghem.,  vol.  xxvi.  p.  37 : 1882. 

f Stadelmann,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  xvii.  p.  419:  1883;  and 
Zeit  sehr.  f.  Biolog.,  vol.  xxi.  p.  140  : 1885;  Minkowski,  Arch.  f.  exper.  Path.  u. 
Pharm.,  vol.  xviii.  pp.  35,  147 : 1884 ; E.  Külz,  Zeitschr.  f.  Biolog.,  vol.  xx. 
p.  165  : 1884  ; and  vol.  xxiii.  p.  329  : 1886  ; and  Arch.  f.  exper.  Path.  u.  Pharm., 
vol.  xviii.  p.  291 : 1884  ; Rud.  von  Jakscb,  “ lieber  Acetonurie  u.  Diaceturie  : ” 
Berlin,  1885 ; H.  Wolpe,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  xxi.  p.  138 : 1886  ; 
Frerichs,  loc.  cit,,  pp.  114-118. 

X G.  Rosenfeld,  Deutsch,  med.  Wochemchr.,  No.  40:  1855;  Wolpe,  loc.  cit., 
pp.  150,  155.  The  older  literature  is  here  quoted  ; also  M.  J.  Rossbach,  Corre- 
spondenzhlatt  des  allgem.  ärztlichen  Vereins  für  Thüringen,  No.  3 : 1887 ; Ghem 
Centralb.,  p.  1437  : 1887. 
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In  the  last  stage  of  diabetes,  when  coma  sets  in,  the 
amount  of  oxybutyric  acid  increases,  while  that  of  aceton 
diminishes.* * * §  This  fact  also  appears  to  argue  in  favour  of 
an  increasing  decline  in  the  power  of  oxidation. 

It  must,  however,  he  noted  that  the  occurrence  of  oxy- 
butyric acid,  aceto-acetic  acid,  and  aceton  is  not  confined  to 
diabetes,  but  has  been  observed  in  many  other  maladies. f 
These  anomalous  products  of  metabolism  may  possibly  be 
a direct  consequence,  not  of  diabetes  itself,  hut  of  certain 
complications  which  frequently  accompany  the  disease. 

On  the  other  hand,  it  must  he  remembered  that  wasting 
of  the  tissues  and  general  cachexia,  in  short,  increased 
destruction  of  the  nitrogenous  constituents  of  the  body, 
invariably  take  place  in  all  the  diseases  in  which  acetonuria 
has  been  observed,  such  as  febrile  infectious  diseases,  car- 
cinoma, mental  affections  accompanied  by  inanition,  etc. 
The  occurrence  of  aceto-acetic  acid  has  likewise  been  noticed 
in  the  urine  of  healthy  persons  after  prolonged  fasting. $ 
Increased  decomposition  of  proteid  now  appears  to  be  an 
accompaniment  of  diabetes  also  ; at  least,  it  was  proved,  by 
careful  experiment  in  three  severe  cases,  that  the  patient 
excreted  more  nitrogen  than  a healthy  person  on  exactly 
the  same  diet.  The  first  investigation  of  the  kind  was  carried 
out  by  Gaehtgens  § in  his  clinique  at  Dorpat,  the  second  by 
Pettenkofer  and  Voit,||  and  the  third  by  Frerichs.1T 


* Wolpe,  “ Unters,  ü.  d.  Oxybuttersäure  des  diabetischen  Harnes,”  Dissert. : 
Königsberg,  1886  ; Arcli.  f.  exper.  Fath.  u.  Pharm.,  vol.  xxi.  p.  157 : 1886. 

t R.  von  Jaksch,  “Ueber  Acetonurie  u.  Diaceturie,”  pp.  54-91:  Berlin, 
1885;  Külz,  Zeitschr.  f.  Biolog.,  vol.  xxiii.  p.  329:  1886;  A.  Baginsky,  Du 
Bois’  Arch.,  p.  349  : 1887. 

J See  the  interesting  notice  in  the  report  of  the  investigations  carried  out 
on  the  “ professional  faster,”  Oetti,  in  Berlin  ( Berliner  Wochenschrift , vol.  xxiv. 
p.434:  1887). 

§ Carl  Gaehtgens,  “Ueber  den  Stoffwechsel  eines  Diabetikers,  verglichen  mit 
dem  eines  Gesunders, ” Dissert.  : Dorpat,  1886. 

||  Pettenkofer  and  Yoit,  Zeitschr.  f.  Biolog.,  vol.  iii.  p.  400,  408,  412-414,  425. 
An  account  of  the  older  literature  will  be  found  here,  pp.  425-426. 

IT  Frerichs,  loc.  cit.,  p.  276,  et  seg. 
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These  experiments  might  be  taken  to  mean  that  the 
increased  decomposition  of  proteids  in  diabetes  was  a con- 
sequence of  the  inadequate  breaking  up  of  the  sugar ; that, 
because  the  chemical  potential  energy  of  the  sugar  was  not 
completely  utilized,  the  proteid  must  assist  in  furnishing  the 
kinetic  energy  necessary  for  the  performance  of  the  functions 
of  the  body.  This  would  he  analogous  to  the  behaviour  of 
normal  muscle,  which,  as  we  have  seen,  has  recourse  to  its 
store  of  proteid  as  soon  as  the  supply  of  non-nitrogenous 
food  runs  short.  But  this  is  only  a teleological,  not  a 
physico-chemical  explanation,  and  gives  no  account  of  the 
causal  connection.  We  must  concede  the  possibility  that 
the  increased  decomposition  of  proteid  may  he  the  first  sign 
of  disturbance  in  the  metabolism  of  the  organs,  and  may 
usher  in  the  wasting  of  the  tissues  and  all  the  other  troubles. 
It  may  be  also  that  the  occurrence  of  oxybutyric  acid,  aceto- 
acetic  acid,  and  aceton  in  diabetes  is  not  due  to  the  reduced 
supply  of  oxygen,  any  more  than  it  is  in  the  case  of  the 
other  diseases  mentioned.  The  tissues  may  receive  their 
normal  supply  of  oxygen,  but  the  products  of  decomposition 
may  have  risen  above  the  normal  amount ; and  that  part 
of  them  wdiich  reaches  the  blood  in  a state  of  incomplete 
oxidation,  cannot  be  further  oxidized  there,  because,  as  we 
have  already  seen  (p.  261),  no  processes  of  oxidation  take 
place  in  the  blood. 

The  power  possessed  by  a diabetic,  of  utilizing  lsevo-rotatory 
sugar,  is  a remarkable  fact,  which  was  observed  by  Külz.* 
He  showed  that  no  sugar  appeared  in  the  urine  of  a patient 
who  was  but  slightly  affected  with  the  disease,  after  eating 
100  grms.  of  lsevo-rotatory  fruit-sugar,  and  that  the  amount 
of  sugar  which  consisted  only  of  dextro-rotatory  grape-sugar, 

* Külz,  loc.  cit.,  pp.  130-167.  Also  Worm-Müllcr,  Pflüger’s  Arch.,va\.  xxxiv. 
p.  576:  1884;  S.  de  Jong,  “ Overomzetting  van  rnilksuiker  by  diabetes  mellitus,” 
Dissert. : Amsterdam,  1886 ; and  Franz  Hofmeister,  Arch,  exper.  Path.  u. 
Pharm. , vol.  xxv.  p.  240 : 1889. 
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was  not  increased  in  the  urine  of  a patient  who  had  a severe 
form  of  diabetes. 

Inulin  behaves  in  the  same  manner  as  lsevulose.  It  is 
found  in  the  roots  of  elecampane,  chicory,  and  dandelion, 
and  in  the  tubers  of  dahlias,  where  it  plays  the  same  part 
as  the  starch  in  the  potato  tubers.  Inulin  stands  in  the 
same  relation  to  hevulose  as  starch  does  to  dextrose : on 
boiling  with  dilute  acids,  it  is  split  up  with  hydration  to  form 
lsevulose,  just  as  starch  is  changed  into  dextrose.  Inulin 
evidently  undergoes  this  decomposition  in  the  organism  as 
well ; like  lasvulose,  it  is  consumed  in  the  body  of  a diabetic. 

It  is  well  known  that,  on  boiling  with  acids,  as  well  as 
by  the  action  of  ferments,  cane-sugar  is  split  up  into  equal 
quantities  of  lsevulose  and  dextrose.  In  conformity  with  this, 
Külz  observed  that,  after  the  administration  of  cane-sugar 
in  the  aggravated  form  of  diabetes,  the  increase  in  the 
excretion  of  dextrose  was  equal  to  half  the  amount  of  the 
cane-sugar  eaten.  The  same  thing  probably  happened  with  the 
sugar  of  milk,  only  the  results  were  not  quite  as  clear,  because 
it  is  largely  converted  into  lactic  acid  in  the  intestine. 

This  limitation  of  the  power  in  diabetics  to  utilize  Isbvo- 
rotatory  sugar  only  is  no  isolated  phenomenon  in  animate 
nature.  Certain  fungi  and  bacteria  act  in  the  same  way 
as  the  cells.*  Of  the  optically  inactive  lactic  acid,  which 
contains  equal  quantities  of  dextro-rotatory  and  lsevo-rotatory 
lactic  acid,  the  Pencillivm  glaucum  consumes  the  latter  only, 
leaving  the  former  untouched ; in  the  same  way,  this  fungus 
leaves  the  dextro-rotatory  only  in  a mixture  of  both  kinds  of 
mandelic  acid.  Saccharomyces  ellipsoideus,  on  the  contrary, 
consumes  the  dextro-rotatory  mandelic  acid  only,  leaving  the 

* Pasteur,  Compt.  rend.,  vol.  xlvi.  p.  615 : 1858 ; vol.  li.  p,.  298 : 1S60 ; 
vol.  lvi.  p.  416:  1863;  J.  A.  Le  Bel,  ibid.,  vol.  lxxxvii.  p.  213:  1S7S;  vol. 
lxxxix.  p.  312:  1879;  vol.  xcii.  p.  843  : 1881 ; J.  Lewkowitsch,  Ber.  d.  deutsch, 
chem.  Ges.,  vol.  xv.  p.  1505:  1S82 ; vol.  xvi.  pp.  1569,  2720,  2722:  18S3.  Also 
Em.  Bourquelot,  Compt.  rend.,  vol.  c.  pp.  1404, 1466  ; vol.  ci.  pp.  6S,  958  : 1SS5  ; 
Maumene,  ibid.,  vol.  c.  p.  1505;  vol.  ci.  p.  695:  1885;  11.  Leplay,  vol.  ci. 
p.  479  : 1885. 
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laevo-rotatory ; and  this  is  also  the  case  with  a certain  variety 
of  bacterium.  Pcncillium  glaucvm  behaves  in  the  opposite 
way  .towards  tartaric  and  glyceric  acids  compared  with  its 
action  on  lactic  and  mandelic  acids ; it  leaves  the  lsevo- 
rotatory,  tartaric  and  glyceric  acids,  untouched. 

From  the  above  remarks,  it  appears  that  so  far  we  have 
only  definitely  ascertained  that  the  power  of  utilizing  dextro- 
rotatory sugar  is  diminished  in  diabetes. 

Now,  as  the  hulk  of  the  sugar  is  normally  decomposed  in  the 
muscles,  it  seems  probable  that  diabetes  may  fundamentally 
he  due  to  a disturbance  of  the  chemical  processes  in  muscle. 

Insufficient  use  of  the  muscles,  a sedentary  mode  of  life, 
are  frequently  given  as  causes  of  diabetes.  This  harmonizes 
with  the  fact  that  the  disease  comparatively  often  (30  per 
cent,  of  all  cases)  occurs  in  stout  people.  Obesity  is  invari- 
ably a result  of  insufficient  muscular  exertion  (see  end  of 
Lecture  XX.).  Moreover,  a few  cases  of  diabetes  have  been 
successfully  treated  by  systematic  muscular  exercise  * (see 
p.  437). 

But  the  chemical  processes  in  muscle  are  subject  to  the 
influence  of  the  nervous  system,  and  numerous  observations 
tend  to  show  that  the  symptoms  in  diabetes  are  caused  by 
disturbances  which  originate  in  the  central  nervous  system. 
The  disease  sometimes  occurs  immediately  after  and  may  be 
traced  to,  injury  to  the  head,  or  it  accompanies  organic 
affections  of  the  brain  (haemorrhages,  tumours,  sclerosis),  or 
other  nervous  diseases,  psychoses,  etc.  Occasionally  violent 
mental  excitement  or  neuralgia  has  caused  an  outbreak  of 
the  malady.  In  post-mortem  examinations  of  diabetics,  the 
brain  more  frequently  shows  pathological  changes  than  any 
other  organ. 

But  it  is  also  possible  that  the  carbohydrates,  before  being 
utilized  in  the  muscle,  must  undergo  a preparatory  conversion 
in  other  organs,  where  the  disturbances  that  cause  diabetes 
* Kulz,  loc.  cit.,  vol.  i.  pp.  179-21G ; and  vol.  ii.  pp.  177-180. 
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really  take  place.  From  this  point  of  view,  the  pancreas 
suggests  itself ; and  it  is,  in  fact,  remarkable  how  frequently 
pathological  changes  have  been  found  in  this  gland,  eleven 
out  of  fifty-five  post-mortem  examinations  described  by 
Frerichs  * showing  this  clearly.  It  is  true  that  the  degenera- 
tion of  the  pancreas  may,  again,  be  a consequence  of  the 
diabetic  process.  But  anyhow,  this  fact  is  a starting-point 
for  fresh  inquiries,  and  it  would  be  interesting  to  observe 
the  results  of  extirpation  of  the  pancreas.  This  operation 
has  often  been  attempted,  and  has  recently  been  successful. 
G.  Martinotti,f  in  Turin,  has  communicated  the  fact  that 
he  has  successfully  performed  it  on  dogs,  cats,  and  birds. 
But  he  did  not  experiment  with  a view  to  diabetes.  He 
observed  that  the  dogs  without  pancreas  had  an  enormous 
appetite,  hut  he  did  not  test  their  urine  for  sugar. 

But  von  Mering  and  Minkowski  in  Strasburg  have  extir- 
pated the  pancreas  for  the  special  object  of  ascertaining  its 
relation  to  diabetes.  They  observed  permanent  glycosuria 
after  the  operation,  hut  no  details  have  yet  been  published. t 
It  still  remains  doubtful  whether  the  glycosuria  was  caused 
by  the  removal  of  the  pancreas,  or  by  the  disturbances  en- 
suing from  the  severe  operation,  especially  such  as  injury  to 
the  solar  plexus,  which  could  hardly  be  avoided,  and  which 
would  produce  reflex  disturbances  in  other  regions  of  the 
nervous  system. 

But  even  if  an  affection  of  the  pancreas  may  be  the  cause 
of  chronic  glycosuria  in  some  cases,  it  cannot  be  so  in  all. 
This  fact,  along  with  many  others,  would  seem  to  prove  that 
diabetes  is  not  a pathological  entity,  but  rather  a group  of 
allied  diseases. 

* Frerichs,  loc.  cit.,  pp.  144,  183,  238-248. 

t G.  Martinotti,  “ Sulla  exstirpatione  del  pancreas,”  Giornale  della  R.  Acca- 
demia  di  Medicina,  No.  7 : 1888. 

X For  full  details,  see  a recent  paper  by  v.  Mering  and  Minkowski  in  the 
February  number  of  the  Arch.  f.  exp.  Path.  u.  Pharm.,  1890.  They  show  that 
the  effects  could  not  have  been  due  to  injury  of  the  solar  plexus. 
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Much  confusion  lias  arisen  owing  to  the  endeavour  to  ex- 
plain the  nature  of  chronic  or  “ natural  ” diabetes  (as  it  has 
been  called),  from  the  observations  carried  out  on  “ artificial  ” 
diabetes.  Cl.  Bernard  has  shown  that  a puncture  in  the  floor 
of  the  fourth  ventricle,  midway  between  the  origins  of  the 
auditory  and  pneumogastric  nerves,  is  followed  by  the  passage 
of  sugar  into  the  urine.  This  artificial  diabetes  is  obviously 
quite  a different  process  to  the  natural  disease.  It  lasts  only 
for  a few  hours ; and  if,  at  the  expiration  of  this  time,  when 
the  urine  has  again  become  free  from  sugar,  the  animal  be 
killed,  no  glycogen  will  be  found  in  the  liver.  If  all  glycogen 
be  removed  from  a dog  by  starvation,  puncture  of  the  “ diabetic 
centre  ” remains  without  effect.* 

If  a solution  of  grape-sugar  be  injected  into  the  mesen- 
teric vein  of  a healthy  dog,  which  has  been  deprived  of  gly- 
cogen by  starvation,  very  little  sugar  appears  in  the  urine. 
But  if  the  liver  be  freed  from  glycogen  by  puncture  of  the 
floor  of  the  fourth  ventricle,  and  the  injection  into  the 
mesenteric  vein  be  then  given,  a very  large  amount  of  sugar 
is  found  in  the  urine. f 

Artificial  diabetes,  therefore,  is  due  to  the  inability  of  the 
liver,  in  consequence  of  disturbed  innervation,  to  retain  the 
glycogen.  The  blood  becomes  flooded  with  sugar,  which 
passes  into  the  urine. 

If  natural  diabetes  were  due  to  the  same  cause,  and  if  the 
liver  had  lost  its  power  of  regulating  the  amount  of  sugar  in 
the  blood,  of  storing  carbohydrates  during  absorption,  and  of 
supplying  sugar  to  the  blood,  according  to  the  needs  of  the 
economy,  we  should  expect  to  find  that  the  amount  of  sugar 

* Leopold  Seelig,  “Vergleichende  Untersuchungen  über  den  Zuckerver- 
brauch im  diabetischen  und  nicht  diabetischen  Thiore,"  Dissert. : Königsberg, 
1873.  The  works  of  Pavy  and  Dock  are  quoted  here.  Luohainger  has  published 
a confirmation  of  these  results:  “ Exper.  u.  krit.  Beiträge  zur  Physiol,  u.  Pathol, 
des  Glycogens,”  Dissert.,  p.  72  : Zürich,  1875. 

t Naunyn,  Arch.  f.  exper.  rath.  u.  Pharm.,  vol.  iii.  p.  98  : 1875.  A critical 
account  is  here  given  of  the  earlier  works  on  this  point. 
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in  the  blood  of  diabetics  would  sometimes  be  above  and 
sometimes  below  normal.  This  is  not  the  case ; it  has 
always  been  found  to  be  increased. 

The  objection  may  be  raised  that  the  diabetic  patient 
takes  food  in  such  quantities  and  so  often,  that  absorption  is 
never  interrupted,  and  that  the  blood  is  constantly  loaded 
with  sugar. 

We  must,  therefore,  try  to  decide  the  question  in  a direct 
manner,  and  ascertain  whether  a diabetic  liver  contains  gly- 
cogen. This  method  has  actually  been  adopted. 

Külz  * examined  the  liver  of  a patient  who  suffered  from 
the  aggravated  form  of  diabetes,  and  bad  been  for  a long  time 
before  his  death  restricted  to  a diet  of  meat.  The  patient 
bad  taken  bis  last  meal  thirty-four  hours  before  death,  and 
had  been  moribund  for  twenty-eight  hours.  The  post-mortem 
took  place  twelve  hours  after  death.  About  the  tenth  part 
of  the  liver  served  for  the  determination  of  glycogen,  and 
yielded  roughly  0‘7  grms.  of  glycogen.  Külz  estimated  the 
amount  of  glycogen  in  the  whole  liver  at  from  10  to  15  grms. 
Besides  this,  it  contained  a large  quantity  of  sugar,  part  of 
which  also  originated  from  the  glycogen.  | The  amount  of 
glycogen  during  life  must  therefore  have  been  very  consider- 
able. 

Yon  Mering  f bad  the  opportunity  of  examining  the  livers 
of  four  diabetics,  in  Frerichs’  wards.  “ Two  of  them,  who 
died  of  phthisis,  and  who  bad  no  sugar  in  the  urine  eighteen 
and  twenty  hours  before  decease  (although  there  bad  pre- 
viously been  a considerable  amount),  exhibited  neither  gly- 
cogen nor  sugar  in  their  liver,  although  in  one  case  the  post- 

* Kiilz,  Pfliiger’s  Arcli.,  vol.  xiii.  p.  267  : 1876.  See  also  the  older  statements 
of  Kühne,  Virchow’s  Arch.,  yol.  xxxii.  p.  543:  1865  ; and  M.  Jafie,  ibid.,  vol. 
xxxvi.  p.  20  : 1866. 

t To  obtain  an  exact  estimate  of  the  glycogen,  the  liver  must  he  immersed 
in  boiling  water  directly  after  death,  in  order  to  stop  the  fermentative  action,  by 
which  the  glycogen  would  otherwise  be  broken  up. 

X Von  Mering,  Pflüger’s  Arch.,  vol.  xiv.  p.  284  : 1877. 
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mortem  examination  took  place  immediately  after  death.  In 
the  two  other  cases  where  the  diabetics  died  suddenly,  and 
the  urine  removed  from  the  bladder  after  death  was  full  of 
sugar,  both  glycogen  and  sugar  were  found  in  abundance.” 

M.  Abeles  * examined  the  organs  in  the  bodies  of  five 
diabetics,  in  E.  Ludwig’s  laboratory  in  Vienna.  No  glycogen 
was  found  in  any  of  the  organs  examined  in  two  cases,  one 
of  which  had  died  of  phthisis,  and  the  other  of  prolonged 
furunculosis  and  metastatic  purulent  pericarditis.  The  re- 
maining patients  had  died  from  diabetic  coma.  The  organs 
were  not  examined  for  several  hours  after  death.  The  liver 
was  examined  in  two  cases,  and  a little  glycogen  was  found  : 
0'16  grm.  and  0'59  grm.  There  was  none  in  the  muscles. 

The  liver  of  living  diabetics  has  also  been  examined  for 
glycogen  in  Frerichs’  wards. f These  experiments  are  so  im- 
portant that  I will  quote  the  passages,  unfortunately  very 
short,  in  which  they  are  described. 

“ Professor  Ehrlich  effected  it  by  means  of  a fine  trocar, 
which  had  been  carefully  disinfected,  and  which  was  inserted 
in  the  parenchyma  of  the  liver.  When  the  instrument  was 
removed,  sometimes  a little  blood  only,  hut  generally  a few 
hepatic  cells,  either  isolated  or  united  in  groups,  were  found 
in  the  tube ; there  was  occasionally  a somewhat  larger  piece 
of  the  liver,  which  was  hardened  in  alcohol,  and  cut,  after 
being  imbedded  in  collodion.  In  this  way,  we  were  able  to 
examine  the  hepatic  tissue  during  life  in  three  cases.  They 
had  all,  both  healthy  and  diabetic,  eaten  heartily,  especially 
of  amylaceous  food.  The  puncture  was  made  from  four  and 
a half  to  five  a,nd  a half  hours  after  the  meal. 

“A  considerable  quantity  of  glycogen  was  found  in  the 
first  case,  that  of  a healthy  man,  addicted,  however,  to 
alcohol.  The  cells  in  the  peripheral  regions  of  the  acini 

* M.  Abeles,  Centralb.  f.  d.  med.  Wisscnsch. , p.  449  : 1885. 
t Frerichs,  loc.  cit.,  p.  272.  Also  plates  of  the  histological  sections  of  the 
livers. 


432 


LECTURE  XXI. 


liad  undergone  fatty  degeneration,  but  contained  glycogen 
as  well. 

“ The  second  case  was  that  of  the  diabetic  Dn.  The 
hepatic  cells  were  almost  free  from  glycogen,  though  a few 
showed  a slightly  brownish  hue,  denoting  the  presence  of 
traces  of  this  substance. 

“ In  the  third  case,  that  of  a diabetic  woman,  a tolerably 
large  amount  of  glycogen  was  found  in  the  hepatic  cells. 
The  distribution  of  glycogen  was  very  unequal,  parts  contain- 
ing but  little  alternating  with  others  richly  provided  with  it. 
Large  granules  of  glycogen,  which  frequently  filled  almost  the 
whole  of  the  cells,  were  often  found  in  the  marginal  acini. 
They  did  not,  however,  consist  of  pure  glycogen,  but  mainly 
of  a supporting  substance,  as  their  yellowish  colour  denoted. 
They  could  not  be  regarded  as  artificial  products  caused  bjr 
the  alcohol,  as  they  occurred  likewise  in  dried  preparations. 
The  nuclei  were  generally  free  from  glycogen,  although  in 
one  place  glycogen  appeared  to  be  deposited  round  the 
nucleolus.  This  is  very  analogous  to  the  deposits  of  starch 
round  the  nucleoli  in  plants. 

“ Examination  of  the  dried  preparations,  which  were  ob- 
tained from  repeated  punctures,  showed  the  same  result, 
i.e.  absence  of  glycogen  in  case  2,  and  a moderate  amount 
in  case  3.” 

I think  these  facts  also  indicate  that  we  cannot  apply  the 
term  diabetes  to  one  single  malady  ; lesions,  similar  to  those 
which  produce  artificial  diabetes,  may  also  produce  certain 
forms  of  the  malady  (and  especially  glycosuria  from  injury 
to  the  medulla  oblongata),  but  by  no  means  all. 

The  fact  that  no  sugar  passes  into  the  urine  in  cases  of 
prolonged  hepatic  disease,  in  cirrhosis  of  the  liver,  and  in 
phosphorus-poisoning,  is  very  remarkable.  Frerichs  could 
not  detect  any  sugar  in  the  urine,  even  after  large  quantities 
of  grape-sugar  had  been  taken,  in  cases  of  cirrhosis  of  the 
liver,  where  a subsequent  autopsy  showed  complete  degene- 
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ration  of  that  organ.*  After  administration  of  from  100  to 
200  grms.  of  grape-sugar  to  patients  suffering  from  phos- 
phorus-poisoning, in  Frerichs’  wards,  a small  amount  of  it 
was  traced  in  the  urine  in  two  cases,  while  in  seventeen 
others  the  result  was  negative.  No  trace  of  sugar  or  gly- 
cogen was  ever  found  in  the  liver  in  any  case  of  phosphorus- 
poisoning, where  fatty  degeneration  of  that  organ  had  set  in.f 
Diabetes  is  evidently  not  due  only  to  a disturbance  of  the 
glycogenic  function  of  the  liver.  As  far  as  I know,  the  muscle 
of  diabetics  has  only  been  examined  for  glycogen  in  two  cases, 
and,  as  already  stated,  with  a negative  result 4 

The  varying  course  and  issue  of  the  disease  seem  also  to 
show  that  there  are  many  different  forms  of  diabetes.  § We 
can  find  all  stages  between  transient  and  symptomatic  gly- 
cosuria on  the  one  hand,  and  the  chronic  variety  of  diabetes 
on  the  other.  We  occasionally  see  that  the  milder  forms  of 
chronic  diabetes  are  as  completely  cured  as  symptomatic 
glycosuria.  In  chronic  diabetes,  a temporary  disappearance 
of  glycosuria  may,  as  we  have  already  mentioned,  be  fre- 
quently induced  by  a withdrawal  of  carbohydrates  from  the 
food.  If  the  patient  takes  active  exercise,  a considerable 
quantity  of  carbohydrates  may  be  borne  without  a passage  of 
sugar  into  the  urine.  In  other  cases,  again,  the  excretion 
of  sugar  continues,  although  the  food  may  consist  exclusively 
of  albumen  and  fat.  Slight  forms  of  diabetes  frequently 
become  aggravated,  and,  apart  from  this,  they  are  not  exempt 
from  fatal  complications.  The  severe  form  also  runs  a varying 
course.  It  is  sometimes  acute,  and  death  occurs  after  a few 
weeks,  or,  it  may  be,  after  a year  or  two ; in  others,  it  may 
not  take  place  for  from  ten  to  twenty  years.  Ordinarily 
glycosuria  is  associated  with  polyuria,  the  daily  amount  of 

* Frerichs,  loc.  cit.,  p.  43.  f Ibid.,  p.  45.  J Abelcs,  loc.  cit. 

§ Frdr.  Albin  Hoffmann  has  made  an  interesting  attempt  to  classify  and 
define  the  various  forms  of  diabetes  ( Verhandl . d.  Congr.  für  inn.  Med.,  p.  159  ; 
Fünfter  Congress,  Wiesbaden,  1886).  Compare  also  Kiilz,  loc.  vol.  i.  p.  217  : 
and  vol.  ii.  p.  144, 
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urine  rising  to  as  much  as  12  litres,  while  the  patients  are 
tortured  by  continual  thirst.  On  the  other  hand,  sugar  may 
appear  in  the  urine  without  polyuria  and  increased  thirst. 
Frerichs  * has  observed  more  than  thirty  cases  in  which  the 
amount  of  urine  did  not  exceed  1700  to  2000  cms.,  while  the 
quantity  of  sugar  rose  from  4 to  6,  and  even  8 per  cent.  In 
rare  cases,  diabetes  mellitus  may  pass  into  diabetes  insipidus,! 
polyuria  without  glycosuria.  In  diabetes,  death  is  caused  by 
various  complications,  such  as  simple  marasmus,  pulmonary 
phthisis,  furunculosis,  or  carbuncles,  nephritis,  etc.,  and  is 
frequently  ushered  in  by  diabetic  coma. 

I will  dwell  upon  these  symptoms  a little  more  fully, 
because  recent  researches  afford  a perfectly  satisfactory 
chemical  explanation  of  them.  The  abnormal  constituents 
of  the  urine,  to  which  I have  already  drawn  attention,  oxy- 
butyric  acid,  aceto-acetic  acid,  and  aceton,  which  may  fre- 
quently be  traced  in  small  quantities  during  the  earlier  stages 
of  the  disease,  become  considerably  increased  in  coma.  We 
shall  immediately  see  that  the  cerebral  symptoms  occur  at 
the  same  time  that  these  substances  are  produced. 

A comatose  condition  certainly  may  occur,  towards  the 
close  of  the  disease,  without  these  abnormal  products  of 
metabolism  being  formed,  but  in  these  cases  the  coma 
depends  upon  complications,  such  as  acute  cardiac  insuffi- 
ciency, cerebral  hemorrhage,  nephritis,  and  the  like.  But 
in  most  cases,  the  above-named  substances  are  demonstrable 
in  the  urine  in  diabetic  coma;  and  the  majority  of  authors 


* Frerichs,  loc.  cit.,  p.  192. 

f This  shows  that  polyuria  in  diabetes  mellitus  is  not  a necessary  conse- 
quence, at  any  rate  not  in  all  cases,  of  the  glycosuria,  but  may  be  the  result  of 
nervous  disturbance.  Concerning  diabetes  insipidus,  see  Külz,  “Beitr.  zur 
Pathol,  u.  Therap.  des  Diabetes  mellitus  u.  insipidus,”  vol.  ii. : Marburg,  1S75. 
The  previous  literature  on  diabetes  insipidus  is  summarized  pp.  28-31,  and 
particularly  that  dealing  with  the  occurrence  of  inosit  in  the  urine  in  this 
disease.  Vide  Külz,  Sitzungsben-  d.  Ges.  z.  Befurd.  d.  ges.  Naturio.  zu  Marburg, 
No.  4 : 1876.  For  the  chemical  properties  of  inosit,  see  Maquesne,  Compt.  rend . 
vol.  civ.  pp.  225,  297,  and  1719  : 1S87. 
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have  attributed  this  variety  of  coma  to  their  narcotic  in- 
fluence,* especially  to  that  of  aceton,  which  acts  in  this 
respect  like  alcohol,  ether,  and  other  members  of  this  group. 
But  more  careful  experiments  showed  that  the  narcotic  action 
of  aceton  was  not  powerful  enough  to  account  for  diabetic 
coma,f  especially  if  it  be  considered  that  aceton  arises  from 
proteid,  and  that  the  amount  of  the  latter  decomposed  is  not 
sufficient  to  yield  the  quantity  of  aceton  required  to  produce 
coma. 

The  action  of  aceton  resembles  that  of  ethyl  alcohol,  but 
is  not  quite  as  powerful.  Aceton  can  be  given  to  dogs  in 
the  proportion  of  1 grm.  for  every  kilogrm.  of  body  weight 
without  any  effect.  Doses  of  4 grms.  for  every  kgrm.  cause 
symptoms  of  intoxication  with  marked  motor  disturbances, 
similar  to  those  produced  by  ethyl  alcohol.  Eight  grms.  for 
every  kgrm.  is  the  fatal  dose  of  aceton,  and  from  6 to  8 grms. 
that  of  ethyl  alcohol.}:  In  order,  therefore,  to  poison  a person 

weighing  70  kgrms.,  from  500  to  600  grms.  must  be  taken. 
This  amount  could  not  possibly  be  formed  from  decomposing 
proteid. 

That  diabetic  coma  does  not  result  from  the  narcotic 
action  of  aceton  is  further  proved  by  the  fact  already  stated, 
that  the  amount  of  aceton  in  the  urine  sometimes  diminishes 
during  the  stage  of  coma,  while  there  is  an  increase  in  its 
precursor,  oxybutyric  acid,  which  has  no  paralyzing  influence 
on  the  brain. § 

* A complete  summary  of  all  the  literature  on  this  subject  is  given  by  von 
Buhl,  Zeitsclir.  f.  Biolog.,  vol.  xvi.  p.  413:  1880;  and  by  Kudolf  von  Jaksch, 
“ Ueber  Acetonurie  u.  Diaceturie  Berlin,  Hirschwald,  1885.  Also  Frerichs, 
loc.  cit.,  pp.  114-120. 

f Vide  Peter  Albertoni,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  xviii.  p.  218  : 
1884  (from  Schmiedeberg’s  laboratory).  This  includes  a complete  report  of  tho 
numerous  earlier  experiments. 

X Albertoni,  loc.  cit.,  pp.  223,  224,  226. 

§ Wolpe,  “ Unters,  über  die  Oxybutters'dure  des  diabetischen  Harnes,”  Dis- 
sert : Königsberg,  1886  ; Arch./,  exper.  Path.  u.  Pharm.,  vol.  xxi.  p.  138  : 1886  ; 
and  O.  Minkowski,  Mittheilungen  aus  der  medicin.  Klinik  zu  Königsberg,  vol.  xvii. 
p.  443  : 1883. 


436 


LECTURE  XXL 


Stadelmann  * and  Minkowski  f have,  however,  offered  a 
satisfactory  explanation  of  this  condition.  They  refer  it  to 
a saturation  of  the  alkalies  in  the  blood  by  the  products  of 
incomplete  combustion,  which  are  of  an  acid  nature  like 
oxybutyric  acid.  The  symptoms  of  diabetic  coma  are,  in  fact, 
similar  to  those  observed  by  Fr.  Walter  \ in  animals,  which 
he  poisoned  with  mineral  acids.  When  dilute  hydrochloric 
acid  was  injected  into  the  stomach  of  a rabbit,  dyspnoea 
occurred,  the  animal  lost  the  power  of  motion,  and  died  with 
all  the  signs  of  collapse.  But  if  carbonate  of  soda  were  sub- 
cutaneously injected,  after  the  symptoms  of  poisoning  had 
set  in,  the  animals  recovered.  Walter  estimated  the  car- 
bonic acid  in  the  blood  of  animals  which  had  been  poisoned 
with  acids,,  and  found  only  from  2 to  3 per  cent,  by  volume. 
This,  as  I have  shown  in  our  remarks  on  the  gases  of  the 
blood  (p.  285),  is  the  amount  of  carbonic  acid,  which  is 
simply  dissolved  in  the  blood.  Consequently,  the  blood  of  the 
poisoned  animals  contained  no  alkalies  that  could  fix  the 
carbonic  acid,  as  they  had  been  saturated  with  the  hydro- 
chloric acid.§  It  follows  that  the  blood  had  been  deprived 
of  the  carrier  of  the  carbonic  acid,  which  consequently  ac- 
cumulated in  the  brain,  and  produced  the  usual  symptoms. 
Walter  has  also  demonstrated,  as  I have  mentioned,  that  the 
administration  of  acids  increases  the  amount  of  ammonia  in 
the  urine.  Very  similar  phenomena  are  observed  in  diabetic 
coma.  The  effect  of  hydrochloric  acid  in  the  experiments  on 
animals  is  identical  with  that  of  oxybutyric  acid  in  diabetic 
coma.  Here  also  dyspnoea  is  a symptom ; the  diabetic  also 
shows  an  increase  of  ammonia  in  the  urine,  and  this  increase 

* E.  Stadelmann,  Arch.  f.  exper.  Path.  «.  Pharm.,  vol.  xvii.  p.  443  : 1883. 

t O.  Minkowski,  Zoo.  cit. 

£ Fr.  Walter,  Arch.  f.  exper.  Path.  u.  Pharm.,  vol.  vii.  p.  148  : 1877  (from 
Schmiedeberg’s  laboratory). 

§ Walter  (Zoo.  cit.)  speaks  of  withdrawal  of  alkali,  which  has  not  been  proved 
by  his  experiments.  The  alkalies  that  are  saturated  by  the  acid  may  remain  in 
the  blood  as  neutral  salts,  until  the  kidneys  hare  excreted  the  acid,  leaving  the 
bases  in  the  blood. 


DIABETES  MELLITUS. 


437 


reaches  the  highest  point  in  the  stage  of  coma.*  Minkowski 
has  also  determined  the  amount  of  carbonic  acid  in  the 
blood  of  a comatose  diabetic  patient,  and  has  only  found  a 
volume  percentage  of  3‘3.  The  blood  had  been  taken  a 
short  time  before  the  death  of  the  patient  from  his  radial 
artery. t Blood  taken  from  the  dead  body  had.  a distinctly 
acid  reaction,  and  contained  large  quantities  of  oxybutyric 
and  sarcolactic  acids. 

Finally,  I may  be  permitted  to  make  a few  remarks  on 
the  treatment  of  diabetics  from  the  chemical  point  of  view. 

So  long  as  the  causes  of  the  different  forms  of  diabetes 
are  unknowm  to  us,  there  can  be  no  question  of  a rational 
mode  of  cure.  We  can  do  nothing  more  than  relieve  the 
most  painful  symptoms. 

It  has  been  quite  right  to  try  and  reduce  the  amount  of 
undecomposed  sugar  in  the  body,  not  only  because  it  is 
useless,  but  because  its  circulation  induces  disturbances  in 
all  the  tissues,  and  because  certain  organs,  especially  the 
kidneys,  are  overworked,  and  a tormenting  thirst  is  induced. 
On  this  ground,  muscular  work  is  strongly  to  be  recommended. 
Külz,t  as  we  have  already  remarked,  has  shown  that  in  many 
cases  muscular  exertion  materially  diminishes  the  excretion 
of  sugar.  Bouchardat  asserts  that  he  has  obtained  permanent 
improvement  in  many  cases  by  this  method.  It  does  not 
answer  in  all  cases,  a circumstance  which  also  tends  to  prove 
the  existence  of  different  forms  of  diabetes. 

If  we  desire  to  reduce  the  amount  of  carbohydrates,  we 
must  be  prepared  with  a substitute.  A diet  consisting  exclu- 

* Minkowski,  loc.  cit.,  p.  179. 

t I must  refer  to  the  extremely  interesting  original  work  for  the  details  of 
this  experiment.  It  also  contains  important  critical  observations  on  the  most 
recent  literature  of  diabetes. 

t Külz,  loo.  cit.,  vol.  i.  pp.  179-216  (where  the  older  statements  of  Trousseau  and 
Bouchardat  are  quoted),  and  vol.  ii.  pp.  177-180.  Also  Dr.  Karl  Zimmer,  “ Die 
Muskeln  eine  Quelle,  Muskelarbeit  ein  Heilmittel  bei  Diabetes:”  Karlsbad» 
1180;  and  von  Moring,  Verhandl.  d.  Congresses  f.  innere  Medicin,  p.  171 : Wies- 
baden, 1886. 
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sively  of  albumen  is  objectionable,  because  it  gives  rise  to 
acetonuria,  and  increases  the  clanger  of  coma.  So  long  as 
the  theory  prevailed  that  diabetes  consisted  essentially  in 
an  inability  to  decompose  the  sugar,  it  was  sought  to  intro- 
duce the  products  of  decomposition  of  food.  But  we  are  not 
acquainted  with  the  intermediate  products  of  the  decom- 
position of  sugar,  and  even  if  they  were  known  to  us,  we 
could  not  replace  the  sugar  hy  introducing  them,  because  at 
the  moment  of  decomposition  kinetic  energy  is  liberated, 
which  is  utilized  in  the  performance  of  muscular  and  other 
functions.  Nevertheless,  some  physicians  have  thought  that 
the  daily  administration  of  from  5 to  10  grms.  of  lactic 
acid  would  serve  as  a substitute  for  the  300  to  800  grms.  of 
carbohydrates  required  by  an  adult ! Larger  quantities  of 
lactic  acid  cannot  be  given,  because  they  would  disturb  the 
digestion. 

Acting  on  an  erroneous  supposition  of  O.  Schultzen,*  who 
imagined  glycerin  to  be  one  of  the  normal  products  of  the 
decomposition  of  sugar,  they  have  tried  to  replace  sugar 
by  glycerin.  The  latter  has  the  advantage  over  lactic  acid 
of  its  sweet  taste,  but  only  a very  small  quantity  can  be 
prescribed.  After  large  closes,  a part  passes  unaltered  into 
the  urine  ( vide  supra,  p.  406). f Glycerin  should  therefore  he 
given  in  its  natural  form  as  fat.J  Fats  can  be  digested  very 
well  by  diabetics  ( vide  supra,  p.  420),  and  are  the  best  substi- 
tutes for  the  carbohydrates. § 

So  far  as  I know,  the  administration  of  lasvorotatory 

* O.  Schultzen,  Berliner  klinische  Wochensehr,  No.  35 : 1872. 

+ To  satisfy  the  sense  of  taste,  saccharin  has  recently  been  introduced  as  a 
substitute  for  sugar.  With  regard  to  the  experiences  of  its  use,  see  E.  Kohl- 
schütter und  M.  Elsässer,  Arch.  f.  hlin.  Med.,  vol.  xli.  p.  178:  1887;  and  the 
article  “ Saccharin,”  by  T.  Stevenson  and  L.  C.  Wooldridge,  in  the  Lancet, 
November  17,  1S88. 

J Considerable  variety  and  change  of  diet  may  be  effected  in  the  way  of  fats 
with  fat  fish,  of  which  a number  are  easy  of  digestion,  yolk  of  egg,  fresh  cream 
(one-half  of  its  small  proportion  of  milk-sugar  being  utilized  _ by  diabetics), 
almonds,  nuts,  cocoa,  and  olives. 

§ Pettenkofer  and  Voit,  Zeitschr.f.  Biolog.,  vol.  iii.  p.  441 : 1867. 
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carbohydrates  lias  never  been  seriously  tried.  As  diabetes 
is  a disease  much  more  common  among  the  well-to-do,  there 
must  be  many  patients  in  a position  to  afford  this  costly 
article  of  food. 

It  is  well  known  that  essential  improvement  in  the  con- 
dition of  diabetics,  especially  with  regard  to  the  elimination 
of  sugar,  is  effected  by  the  use  of  alkaline,  and  particularly  of 
Carlsbad,  water  in  the  water-cures.  It  was  thought  that 
the  increased  alkalescence  of  the  blood  favoured  combustion 
(vide  supra,  p.  267).  This  explanation  appears  still  more 
probable  if'  we  consider  the  abnormal  acids  which  occur  in 
blood  of  diabetics.  But  it  has  been  proved  by  direct  experi- 
ments that  the  mere  administration  of  carbonates  of  alkalies 
without  the  mode  of  life  adopted  at  watering-places,  does  not 
diminish  the  excretion  of  sugar.* 

So  far  the  attempts  to  subdue  diabetic  coma  by  the 
injection  of  carbonate  of  soda  into  the  blood  have  remained 
without  any  favourable  results. f We  cannot  expect  to  obtain 
any  real  improvement  from  the  addition  of  alkalies,  because 
this  mode  of  treatment  deals  only  with  the  symptoms,  and 
not  with  the  cause  of  the  disease. 

* Frerichs,  he.  cit.,  p.  263.  Nencki  and  Sieber,  Journ.  f.  pralit.  Cliem.,  vol. 
xxvi.  p.  33 : 1882.  Also  Külz,  loc.  cit.,  vol.  i.  31 ; ii.  154.  A summary  of  all 
the  earlier  literature  will  be  found  here. 

+ 0.  Minkowski,  Mittlieilungen  aus  der  medicinischen  Klinilc  zu  Königsberg 
i.  Pr.,  pp.  183-186  : 1888. 


INDEX 


A 
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, egg-,  52,  59,  60,  70 
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Albuminates  of  iron,  102 
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143 

, its  inhibitory  action  on  diges- 
tion, 144 
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Alimentary  canal,  bacteria  in,  110 
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156 

■ , secretion  of,  in  lower  animals,  158 
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63r.,  209 
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, behaviour  in  the  body,  279 
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Amido-ethylsulphonic  acid.  See  Tau- 
rin 

Amido-succinic  acid.  See  Aspartic  acid 
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Ascarides,  whether  oxygen  is  neces- 
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61 
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Bacteria,  metabolism  of,  44 
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374-375,  379,  382 

■ pigments,  210,  351,  374,  375- 

382 

, composition  of,  212 

, functions  of,  213 

, its  action  on  fat,  215 

, its  antiseptic  action,  217 

in  jaundice,  378-382 
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, extirpation  of  kidneys  in,  342 

, extirpation  of  liver  in,  343 

Birk,  L.,  ooagulation  of  the  blood,  238 
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salts,  96,  98 

, acids  in  the  stomach,  171 

Calcium,  circulation  of,  23 
Calculi,  formed  by  uric  acid,  333, 
355-357 

■ , by  xanthin,  348 

, by  phosphates,  357 

, by  cystin,  365 
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Catalytic  effect  and  substances,  181, 
184-185 

Catarrh  of  the  stomach,  170 
Catheter,  lung,  290 
Causes,  distinction  between  imme- 
diate and  ultimate,  39-41 
Cazeneuve,  P.,  alkalinity  of  urine,  357 
Cell,  the,  8 

■ , hereditary  transmission  through 

the,  10 

, oxygen  essential  to,  263 

Cells,  functions  of,  3-6,  8-10,  108, 
164,  174,  194,  216,  318 
Cellulose,  heat-equivalent  of,  70 

, importance  of,  81-84 

, amount  in  various  articles  of 

diet,  83-84 

, digestion  of,  191-192 

Cephalopods,  copper  in,  28 
Cereals,  value  as  food,  80 
Cetacea,  154 
Chalk,  18,  133 

Chaniewski,  St.,  formation  of  fat  from 
carbohydrates,  412 
Chemical  composition  of  the  blood, 
241-252 

Chemical  elements,  14-28 
Chenopodium,  sodium  in,  133 
Children,  their  food  compared  with 
that  of  adults,  79,  80,  106-114 
Chittenden,  albumoses,  etc.,  195a. 
Chlorate  of  potash,  181 
Chloride  of  sodium,  118-135 

, formation  of  hydrochloric  acid 

from,  160-164 

Chlorides,  how  concerned  in  the 
organism,  108 

Chlorine,  circulation  of,  22 
in  milk,  108 

, loss  of,  after  vegetable  food,  120, 

121 

, its  decrease  during  growth  of 

organism,  134 

Chlorophyll,  its  relation  to  iron,  24-25 

, its  presence  in  animals,  45 

Chlorosis,  use  of  iron  in,  93, 103 
Chocolate,  147 

Cholalic  acid,  208-209,  214,  366 

, its  origin,  375 

Cholesterin,  91-92 
, in  bile,  211 

, amount  in  red  blood-corpuscles, 

250 

Cholin,  87 

Chondrin,  62,  63,  63a. 

, heat-equivalent  of,  70 

Chossat,  starvation,  251 
Chrzonsczewski,  elimination  of  car- 
mine from  the  blood,  351 


Chyle,  219,  223,  235,  253 

•  , effect  of  diet  of  free  fatty  acids 

on,  404,  405 
Chyme,  178 

Cienkowski,  on  the  Vampyrella  spiro- 
gyrce,  4 

Cinnamic  acid,  280 

Circulation  of  the  blood,  how  far  ex- 
plicable, 7 

of  chemical  elements,  14-28 

Cirrhosis  of  the  liver,  327,  345 

Claus,  decomposition  of  uric  acid,  336 

Clay,  silicic  acid  as,  17 

CuiiVE,  cholalic  acid,  209 

Clot,  the,  234,  237 

Coagulation  of  the  blood,  234-240 

of  proteids,  52-53 

Coal,  carbon  as,  15 

, formation  of,  16 

Cocoa  bean,  146-147 
Co-efficients  of  absorption  of  in- 
testinal gases,  307 

Ccelenterat/K,  their  animal  and  vege- 
table nature,  45 
Coffee,  144-146 

Cohnheim,  J.,  isolation  of  ferments,  187 
Collagens,  61-66 
Colloids,  51-52 

Colouring  matters  of  bile,  210,  351, 
374,  375-382 

of  urine,  357-360 

Colpodella  pugnax,  its  selection  of 
food,  4 

Coma  in  diabetes,  434-437 
Combustion,  liberation  of  fixed  nitro- 
gen by,  21 

•  , source  of  animal  heat,  35-38 

of  food-stuffs,  respiratory  quo- 
tient in,  294-297 

of  oxygen  in  the  body,  261-267 

Comma  bacillus,  169 
Common  salt,  118-135 
Concretions  in  biliary  ducts,  211 

in  the  bladder,  diet  in  cases  of, 

355 

, gouty,  333 

Condiments,  136 

Conjugated  sulphuric  acids,  277-279 

in  urine,  359-362 

. See  Indigo 

Connective  tissue,  constituents  of,  61, 
62 

■ , gelatin  of,  63 

, digestibility  of,  65 

Consciousness,  its  relation  to  space,  2 
Conservation  of  energy,  29-46 
, law  of,  32 

in  inorganic  nature,  29-32 

in  vital  processes,  33-38 
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Conservation  of  energy,  its  relation 
to  psychical  processes,  38,  41-43 
Contraction,  muscular,  cause  of,  38, 41 
Copper,  circulation  of,  28 

compounds  of  egg-albumen,  59 

, oxide  of,  colloid  modification, 

51,  52 

, , as  oxygen-carrier,  274 

Coranda,  ammonia  in  urine,  323 
Cordua,  bile-pigment  in  the  blood,  377 
Corpuscles  of  the  blood,  234,  235 
, white,  their  relation  to  coagula- 
tion, 237-239 

white,  in  nncoagulated  blood,  239 

, red,  methods  of  separating  them 

from  serum,  241-242 

, red,  their  proportion  to  serum, 

242-245 

, their  composition  in  defibrinated 

blood,  245-246 

■ , their  composition  in  total  blood, 

246-249 

, organic  constituents  of,  250 

Corundum,  alumina  as,  53 
Corvisart,  peptonizing  action  of  pan- 
creatic juice,  195 
Coutaret,  digestion  of  starch,  190 
Creatin,  not  a source  of  energy,  148 

, its  action  on  muscle,  151-152 

, precursor  of  urea,  327-328 

, its  composition,  329-330 

Creatinin.  See  Creatin 
Cresol,  277 

Crustacea,  copper  in,  28 
Crystallization  of  proteids,  53-59 

of  bile-pigments,  210 

Crystalloids,  63 

Crystals  of  magnesia-compounds  of 
globulin,  54,  56 

from  salt  solutions  of  globulin,  56 

of  haemoglobin,  58 

Cuminic  acid,  280 

Cupric  oxide,  as  oxygen-carrier,  274 

Cutaneous  respiration,  297-303 

Cyanamide,  329 

Cyanic  acid,  323,  334-335 

Cymol,  280 

Cystein,  363-365 

Cystin,  363-365 

Cystinuria,  365 

Czerny,  removal  of  stomach  in  dogs, 
167 

, absorption  of  proteid,  224 

D 

Dähnhardt,  lymph,  etc.,  253 
Danilewsky,  comparison  of  heat-equi- 
valents of  gelatin  and  proteid,  64n. 


Danilewsky,  on  heat-equivalents,  69 

, isolation  of  ferments,  187 

experiments  to  isolate  three  pan- 
creatic ferments,  190w. 

, heat-equivalent  of  peptones,  201 

, globulin  in  muscles,  252 

Debray,  H.,on  decomposition  of  formic 
acid,  184 

Decomposition  of  food-stufls,  its  rela- 
tion to  oxidation,  185,  261-262  263, 
393 

, of  proteids,  61,  319 

, processes  of,  outside  the  body, 

179-185 

, processes  of,  in  diabetes,  421 

Defibrinated  blood,  235 

, coagulation  of,  240 

, methods  of  separating  red  cor- 
puscles from  serum  in,  241,  242 

, composition  of,  243-246 

Degeneration,  fatty,  143,  408-409 
Demant,  B.,  action  of  intestinal  juice 
on  food,  204 

Despretz,  on  the  source  of  animal 
heat,  36 

Dessaignes,  hippnric  acid,  311 
Deville,  Ste.  Claire,  on  decom- 
position of  formic  acid,  184 
Dextrin,  183,  190-191 
Dextro-rotatory  grape-sugar  in  dia- 
betes, 418,  425 

Dextrose,  heat-equivalent  of,  70 

, conversion  of  starch  into,  190-191 

Diabetes,  417-439 

, cause  of  sugar  in  the  urine,  419 

, cause  of  increased  sugar  in  the 

blood,  419 

, cause  of  diminution  in  decompo- 
sition of  sugar,  420 
, increased  decomposition  of  pro- 
teids in,  424 

,l8evo-rotatorysugar  utilized  in, 425 

— , artificial,  429 

— — , glycogen  in  the  liver,  430 

, forms  of,  433 

, coma  in,  434 

, treatment  of,  437 

, urine  of,  345,  418,  421,  423 

Diabetic  puncture,  429 
Diakonow,  on  lecithin,  86 

, on  neurin,  87 

Diamond,  carbon  as,  15 
D i astatic  ferments,  188 
Diathesis,  uric  acid,  331, 333 

, treatment  of,  355-357 

Diatomaceac,  silicic  acid  in,  25 
Diet,  animal,  76-77 

, vegetable,  79-81 

, in  dyspepsia,  306 
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Diet,  its  effect  on  nric  acid  excretion, 
339 

Differentiation  of  cells,  5-6 
Diffusion  not  an  explanation  of  vital 
processes,  3-5 

Digestion,  action  of  saliva  in,  153 

, gastric  juice  in,  155 

, stomach  in,  167-169,  176 

, pancreatic  juice  in,  178, 

190-198 

, artificial  gastric  juice  in, 

187-188 

, intestinal  juice  in,  205 

, bile  in,  215 

• , peptone,  where  found  during, 

227-232 

of  proteids,  155,  195-201 

of  carbohydrates,  190 

of  fats,  192 

Digestive  secretion,  importance  of 
salt  in  formation  of,  121 

secretions.  See  Saliva,  Gastric 

juice,  Pancreatic  juice,  Intestinal 
juice,  Bile 

Dimethyl -xantiiin  (theobromine),  147 
Dioxybenzol  (pyrocatechin),  276,  277, 
280 

Displacement  of  strong  by  weak  acids, 
161-163 

Diuretics,  causing  increased  secretion 
of  chlorine,  108 

Dogs,  experiments  on,  95,  166-167, 
173-175,  219,  223 

, intestinal  juice  obtained  from, 

202 

with  biliary  fistulös,  215 

Doliwm  galea,  fluid  secreted  by,  159-160 

, mineral  acids,  how  liberated  in, 

164 

Dolomite,  18,  133 
Donath,  E.,  on  invertin,  182 
Donders,  union  of  sodium  and  C02  in 
the  blood,  287 

Dragendorff,  bile-acids  in  urine, 374«. 
Drechsel,  E.,  on  proteids,  52 n. 

, on  crystals  of  magnesia-com- 
pound of  globulin,  54 

, origin  of  urea,  323 

Drosdoff,  W.,  blood  in  portal  and 
hepatic  veins,  372 

D ULONGjOu  the  source  of  animal  heat, 36 
Dupre,  on  excretion  of  alcohol,  138 
Dyspepsia,  H01  as  a remedy  in,  171 
, diet  in,  306 

E 

Eberth,  J.,  origin  of  thrombi,  236 
Ebstein,  on  gout,  333 


Ebstein,  geographical  distribution  of 
calculi,  356«. 

cystin,  365 

Ecker,  A.,  anatomy  of  the  frog,  266 
Egg-albumen,  52 

, copper  compounds  of,  59 

, silver  compounds  of,  60 

, heat-equivalent  of,  70 

, peptone  obtained  from,  200 

Eggs,  silicic  acid  in,  27 
Ehrlich,  P.,  reducing  properties  of 
living  tissues,  272 

, processes  of  reduction  in  the 

body,  380 

Eichhorst,  whether  proteid  is  absorbed 
as  such,  224 
Elastin,  66 

Electric  current,  to  explain  the  gastric 
secretion,  161 

currents  in  nerve  and  muscle,  6 

Electrical  discharges,  formation  of 
nitrites  by,  20 
Elements,  chemical,  14-28 
Elsässer,  on  softening  of  the  stomach, 
173 

Embryo,  sodium  in,  134 

, bile  in,  214 

, globulins  in,  252 

, oxygen  in,  265 

Emich,  Fr.,  antiseptic  properties  of 
bile,  217 

Emminghaus,  influence  of  blood-pres- 
sure on  secretion  of  urine,  352 
Empyema,  233 

Emulsifying  of  fats,  193,  205,  216 
Energy,  conservation  of.  See  Conser- 
vation of  energy 

, kinetic.  See  Kinetic  energy 

, potential.  See  Potential  energy 

of  the  senses,  12 

Engelmann,  Th.,  on  arcellae,  8 

• , on  occurrence  of  chlorophyll  in 

infusoria,  45-46 

Entz,  Geza,  on  chlorophyll-granules,  45 
Epithelial  cells  of  intestine  and 
glands,  3,  5,  108,  164,  174,  194,  216 

of  intestine,  reconversion  of 

peptones  into  proteid  in,  232 
Epithelium  of  kidneys,  its  function, 
349-351 

Equilibrium,  nitrogenous,  65,  79,  225, 
404 

Erlenmeyer,  E.,  isomeric  lactic  acids, 
346«. 

Erman,  intestinal  respiration  in  fishes, 
304 

Erucic  acid,  407-408 
Ethylbenzol,  280 
Ethylene  alcohol  (glycol),  86 
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Ethylene  lactic  acid  (hydracrylic 
acid),  345«. 

Ethylene  oxide,  87 
Ethylidene  lactic  acids,  345«. 
Kthylsulphuric  acid,  278 
Etzinger,  on  digestion  of  cartilage 
and  bone,  66 

Evaporation  from  skin,  113 
Evolution,  salt  in  animals  explained 
by,  132-135 

Ewald,  C.,  synthesis  of  fatty  acids 
with  glycerine  in  the  body,  405 
Extract  op  meat,  value  as  food,  147- 
152 

, inorganic  salts  in,  149 


P 

Fasces,  lisematin  in,  93,  215 

, colouring  matter  of,  358 

Falk,  action  of  gastric  juice  and  HC1 
on  pathogenic  organisms,  169 
Fano,  fate  of  peptone,  227 
Fat,  its  selection  by  epithelial  cells, 
3-5 

of  the  tissues,  its  origin  from  the 

fats  of  food,  401-408 

from  proteids,  408-412 

from  carbohydrates,  412-414 

Fats  as  food,  49,  68-85 

as  sources  of  heat,  71 

, amount  in  food,  74—76 

, amount  required,  85 

allied  to  lecithins,  88 

•! , action  of  pancreatic  juice  on, 

192 

, their  composition,  192 

, emulsifying  of,  193,  205,  216 

, action  of  intestinal  juice  on, 

203 

, action  of  bile  on,  215 

, absorption  of,  3-4,  192-194,  205, 

216,  221-222 

, respiratory  quotient  in  combus- 
tion of,  294-296 

the  source  of  muscular  energy, 

392-393 

, origin  of  fat  of  tissues  from, 

401-408 

digested  by  diabetics,  420 

Fatty  acids,  88 

, action  of  alkaline  salts  on,  193- 

194 

, whether  concerned  in  formation 

of  tissue  fat,  404-408 

, their  synthesis  with  glycerin, 

405 


Fatty  acids,  their  effect  upon  nitro- 
genous metabolism,  404,  406 
Fatty  degeneration,  143,  408 
Feathers,  silicic  acid  in  ash  of,  26 

, keratin  in,  66 

Feciiner,  proportion  of  sensations  to 
intensity  of  stimulus,  42«. 

Feder,  ammonia  in  urine,  323 
Feiertag,  H.,  coagulation  of  the  blood, 
238 

Fermentation,  putrid,  156-158 

, alcoholic,  185-186,  398-399 

, lactic  and  butyric,  170,  186, 

304-306,  398-399 

, invariably  accompanied  by  hy- 
dration, 185-186 

, marsh-gas,  297,  305 

Fermentations  in  the  intestine,  304— 
306 

Fermentative  action,  definition  of, 
185 

Ferments,  179-189 

, salivary,  153-154 

, pepsin,  155,  166,  188 

, rennet,  155«. 

, pancreatic,  156,  189-198 

, liberation  of  acids  by  action  of, 

165 

• , yeast-cells,  182 

, organized  and  unorganized,  185 

, isolation  of,  186-187 

, effect  of  heat  on,  187-188 

, diastatic,  188 

Ferric  oxide,  forming  strata,  18 

, as  oxygen-carrier,  23-24,  276 

, colloid  form,  51 

, crystalline  form,  53 

Ferrous  oxide,  oxygen  fixed  by,  18 

, iron  as,  on  surface  of  globe,  23 

Fibrin,  234,  237«.,  240 

, heat-equivalent  of,  70 

, production  of  peptone  from,  198 

, amount  in  blood,  247-249 

Filehne,  on  action  of  theobi’omine,  147 
Fischer,  E.,  on  caffeine,  145 

, constitution  of  uric  acid,  334 

, xanthin,  etc.,  347«. 

Fistula,  biliary,  207«. 

, composition  of  bile  from,  212 

Flavard,  sulphur  compounds  in  the 
urine,  362 

Fleischer,  elimination  of  uric  acid  in 
leuchromia,  340 

FleiscHL,  E.,  bile-acids,  where  formed, 
374 

Flügge,  C.,  analyses  of  blood  in  portal 
and  hepatic  veins,  372 
Fluids  of  pleural  and  pericardial  cavi- 
ties, how  ooagulable,  240 
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Fluorine,  circulation  of,  27 
Fluorspar,  27 
Fcetus.  See  Embryo. 

Food,  47-152 

, potential  energy  of,  41,  113 

, composition  of,  74-76 

, iron  in,  103 

•  free  from  ash,  experiments  with, 

114-117 

, how  preserved  in  alimentary 

canal,  156 

•  , action  of  saliva  on,  153 

, gastric  juice  on,  155 

, stomach  on,  167-169,  176 

, pancreatic  juice  on,  178, 

190-198 

, intestinal  juice  on,  205 

, bile  on,  215 

, absorption  of,  3,  4,  176,  177, 

218-233 

, nitrogenous,  relation  of  leuco- 
cytes to  its  absorption,  231 
Food-stufps,  definition  of,  47-48 

, classification  of,  49 

, organic,  50-105 

, inorganic,  106-135 

, heat-equivalents  of,  69 

, the  paths  they  take  during  ab- 
sorption, 218-233 

, their  oxidation  in  the  body,  267- 

283 

, respiratory  quotient  in  combus- 
tion of,  294-297 

, muscular  energy,  whether  due 

to  decomposition  without  oxidation 
of,  393-399 
Force,  vital,  1,  3 

, the  cause  of  motion,  29 

Formate  of  lime,  decomposition  of, 
183-184 

Form-elements,  their  relation  to  co- 
agulation, 240w. 

Formic  acid,  decomposed  by  action  of 
iridium,  etc.,  184 
Formula:  of  proteids,  60,  320 
Forster,  J. , experiments  on  animals 
with  food  free  from  ash,  114 

, proteid  metabolism,  226 

, proteids  in  the  urine,  350 

Frank,  action  of  gastric  juice  and 
HC1  on  pathogenic  organisms,  169 
Frankel,  greater  rapidity  of  proteid 
decomposition  in  dogs,  with  dimin- 
ished supply  of  oxygen,  185 n. 

■ , effect  of  rarefied  air,  260 

Frankland,  on  heat-equivalents,  69 
Fredericq,  Leon,  copper  in  blood  of 
certain  cephalopoda,  etc.,  28 

•  , salivary  glands  of  octopus,  160 


Fredericq,  LEON.absenceof  pancreatic 
ferment  in  intestinal  parasites,  178 

, coagulation  of  the  blood,  238 

Frerichs,  diabetes,  417 
Frey,  M.  von,  emulsifying  action  of 
alkalies,  193 

, gases  in  blood  from  muscle, 

391 

, lactic  acid  in  tetanized  muscle, 

397 

Friedel,  C.,  on  compounds  of  silicon, 
26 

Friedländer,  carbonic  acid  poisoning, 
294 

Frog,  oxidation  in  tissues  of,  266 
Fubini,  cutaneous  respiration,  298 
Fungi,  metabolism  of,  44 

, action  of,  on  optically  inactive 

lactic  acid,  426 
Funke,  0.,  perspiration,  303 
Fürbringer,  P.,  oxalic  acid  in  the 
urine,  368 


G 

Gaglio,  G.,  carbonic  oxide,  276 

, oxalic  acid  in  the  urine,  369, 

369a. 

, lactic  acid  in  tetanized  muscle, 

397 

Gähtgens,  C.,  poisoning  with  arsenic 
and  antimony,  409 

, proteid  metabolism  in  diabetes, 

424 

Gall-bladder,  composition  of  bile 
from,  212 
Gall-stones,  210 
Garrod,  uric  acid  in  gout,  333 
Gases  of  the  blood  (see  Oxygen,  Car- 
bonic acid),  254-303 
— — - in  the  alimentary  canal,  303- 
309 

Gases,  interchange  of,  in  muscular 
work,  389-391 

, , effect  of  phosphorus- 
poisoning on,  408-409 
Gas-pump,  254a. 

Gastric  affections,  rice  as  diet  in,  132 
Gastric  glands,  function  of,  156 

, formation  of  hydrochloric  acid 

in,  160-167 
Gastric  juice,  155-171 
, iron  in,  97 

, its  antiseptic  action,  156-160, 

169 

, variations  in  reactions  of,  166 

, artificial,  action  of,  187-188 


INDEX. 


451 


Gastric  mucous  membrane,  alkaline 
reaction  ot',  160 

, softening  of,  172-175 

Gastric  ulcer,  175 

Gastro-enteritis,  after  poisoning  with 
potassium  salts,  150 
Gaule,  J.,  union  of  sodium  and  C02 
in  the  blood,  287 

Gautier,  A.,  synthesis  of  xanthin, 
348 

Gavarret,  on  source  of  animal  heat, 
38 

Geodes,  on  animals  containing  chloro- 
phyll, 45u. 

Geese,  effect  of  extirpation  of  liver 
on  urine  of,  342-347 
Gelatin  of  cartilage  (chondrin),  62, 
63,  63n. 

, heat-equivalent  of,  70 

Gelatins,  61-65 

, amount  in  bouillon,  147-148 

, action  of  gastric  juice  on,  155 

Gelatin- yielding  substances,  61-66 

as  sources  of  kinetic  energy, 

48 

Geppert,  gas-analysis,  254 

, eSect  of  rarefied  air,  260 

Giacosa,  oxidation  of  aromatic  com- 
pounds in  the  body,  279 
Glands,  activity  of,  how  explicable, 
5,  108 

, epithelial  cells  of,  5,  108,  164, 

174 

, salivary,  153-154 

, gastric,  156,  160,  164-167 

Globulin  (crystalline),  52-60 

, magnesia  compounds  of,  54,  56- 

58 

, sodium  compound  of,  55 

from  pumpkin-seeds,  56 

, heat-equivalent  of,  70 

Globulins,  dissolved  by  common  salt, 
121 

in  serum,  250-252 

■ in  muscle,  252 

in  ovary,  252 

in  seeds  and  bulbs,  53,  62,  252 

, r6le  in  the  animal  economy, 

252 

Glomeruli,  renal,  351-352 
Glycerides,  neutral  (see  Fats),  193 
Glycerin,  heat-equivalont  of,  70 

in  lecithin,  86 

in  fat,  192 

, combustion  of,  295 

, its  synthesis  with  free  fatty 

acids  in  the  bod}',  405-407 
Glycerinpiiosphoric  acid,  88 
Glyceryl  trinitrate,  179 


Glycin.  See  Glycocoll 
Glycocholic  acid,  208,  209-210 
Glycocoll  (glycin),  63 n.,  208,  214 

, heat-equivalent  of,  70 

, constitution  of,  209 

, destiny  of,  281 

, concerned  in  formation  of  hip- 

puric  acid,  311-317 

, concerned  in  formation  of  urea, 

319-321 

, product  of  uric  acid,  334-335 

Glycogen,  48 

in  liver,  220 

-,  formation  of,  382-385 

, its  origin,  385-387 

the  source  of  muscular  energy, 

391-392 

amount  in  carnivora,  411 

in  diabetes,  430 

Glycol  (ethylene  alcohol),  86 
Glycosuria,  433 

Glycuronic  acid,  united  with  aromatic 
compounds,  281-283 
Goldmann,  E.,  origin  of  cystin,  363 

, oxidation  of  cystein,  365 

Götschel,  Ed.  von,  coagulation  of  the 
blood,  238 

Gout,  uric  acid  in,  331,  333 

, treatment  of,  335-336 

Gouty  concretions,  333 
Graham,  colloids,  51 

, dissociation  of  bisulphate  of 

potash,  165 
Granule  masses,  239 
Grape-sugar,  decomposition  of,  181 

, conversion  of  starch  into,  190- 

191 

— , oxidation  of,  274-275 

Graphite,  carbon  as,  15 
Gravel,  diet  in  cases  of,  355 
Grimaux,  colloid  modifications  of  sili- 
cic acid  and  oxide  of  copper,  51-52 

, composition  of  allantoin,  337 n. 

Grohmann,  W.,  coagulation  of  the 
blood,  238 

Grotii,  0„  coagulation  of  the  blood, 
238 

Gruber,  G.,  digestion  of  starch,  190 
Gscheidlen,  sulphocyanic  acid,  367 
Guanidin,  composition  of,  329 

, substituted,  329,  348 

Guanin,  89,  348 
Guarana  paste,  146 
Gubler,  lymph,  etc.,  252 
Guisiun,  sulphur  compounds  in  the 
urine,  362 

Gunning,  J.,  ansorobio  organisms,  263 
Gyeiiggai,  reconversion  of  peptones 
into  proteid,  226 
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H 

Hämatin,  58-59 

in  the  faeces,  93,  215 

, amount  in  blood,  246-249 

, iron  fised  in,  102,  382 

•  , its  relation  to  bile-pigment,  358- 

359,  375-376 

H.ematogen,  the  precursor  of  haemo- 
globin, 102 
ELematoidin,  376 
Haemoglobin,  24 

, crystals  of,  58 

, how  formed,  92-100 

, precursors  of,  100-103 

, amount  in  blood,  242,  245-250 

, its  union  with  oxygen,  256-261 

, its  function,  275-276 

, its  relation  to  bile-pigment,  375- 

379 

in  muscle,  397 

H/emoglobinuria,  378 
Haemorrhages,  urobilin  in  the  urine 
after,  377 

Hamburger,  on  absorption  of  inor- 
ganic preparations  of  iron,  95 

, on  iron  in  the  bile,  97 

Hair,  silicic  acid  in  ash  of,  26 

•  , keratin  in,  66 

Hallervorden,  diabetic  urine,  345 
Hammarsten,  O.,  nuclein  in  milk  as 

nucleo-albumen,  90 n. 

, on  rennet-ferment,  155«. 

, cholalic  acid,  209 

, coagulation  of  the  blood,  238 

, lymph,  etc.,  253 

Hammerbacher,  oxalic  acid  in  urine, 
369». 

Hammond,  influence  of  mental  work 
on  metabolism,  43«. 

Hanau,  A.,  intestinal  juice,  206 
Harley,  G.,  on  iron  in  urine,  105 
Harnack,  analyses  of  copper-com- 
pound of  egg-albumen,  59 
Haubner,  on  digestion  of  woody  fibre, 
81 

Haughton,  influence  of  mental  work 
on  metabolism,  43«. 

Hay,  spontaneous  combustion  of,  273 
Hayem,  G.,  coagulation  of  the  blood, 
240 

Heart,  action  of  amanitin  and  mus- 
carin  on  the,  87 

, action  of  potassium  salts  on  the, 

149-151 

Heart-burn,  171 

Heat,  animal,  source  of,  35-38 

produced  by  work,  30,  31 

as  source  of  motion,  32 


Heat  in  plants,  33 

in  processes  of  decomposition, 

179-184 

in  muscular  work,  394—395 

, its  effect  on  ferments,  188-189 

liberated  in  butyric  fermenta- 
tion, 398 

Heat-equivalent  of  gelatin,  64 
Heat-equivalents  of  food-stuffs,  68- 
71 

of  sugar,  and  its  products  of  de- 
composition, 399 

Heidenhain,  E.,  salivary  glands,  153 
— — , amount  of  HOI  in  gastric  juice, 
157 

, secretion  of  hydrochloric  acid 

by  certain  of  the  gastric  glands, 
166-167. 

, origin  of  pancreatic  ferment, 

190». 

, fat  in  blood,  222 

, reconversion  of  peptones  into 

proteid,  232 

, proteids  in  the  urine,  350 

, indigo,  how  eliminated  from  the 

body,  351 

, pressure  in  bile-ducts,  381 

Heltzl,  von,  isolation  of  ferments,  187 
Henle’s  loops,  351 
Henneberg,  digestion  of  cellulose, 
192 

Henninger,  on  peptones,  199 
Hensen,  V.,  lymph,  etc.,  252 

, glycogen,  382 

Herbivora,  respiratory  quotient  in, 
296-297 

Hermann,  L.,  decomposition  of  haemo- 
globin, 258 

, muscular  work  without  oxygen, 

393 

Hermans,  perspiration,  300 
Heron,  John,  digestion  of  starch,  191 
Herpes,  symbiosis  in  the  thallus  of, 
45«. 

Herroun,  E.  F.,  on  bile,  207 
Herter,  E.,  pyrocatechin,  276 

, carbonic  acid  poisoning,  294 

Herth,  R.,  on  peptone,  199 
Hertwig,  O.,  on  symbiosis,  45«. 
Heubach,  H.,  on  excretion  of  alcohol, 
138 

Heyl,  N.,  coagulation  of  the  blood, 
238 

Hill,  constitution  of  uric  acid,  334 
Hippuric  acid,  209 

, constitution  of,  310 

, formation  of,  2S1,  311 

, its  synthesis  in  the  animal  body, 

312-318 
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Hippuric  acid  in  urine  after  vegetable 
diet,  335 

Hirschfeld,  on  nitrogenous  equili- 
brium, 72 

Hlasiwetz,  decomposition  of  proteids, 
319 

Hoffmann,  A.,  blood-cells  in  synthesis 
of  hippurio  acid,  317 
Hoffmann,  Feed.,  coagulation  of  the 
blood,  238 

Hoffmann,  F.  A.,  proteids  in  blood, 
etc.,  253 

, sugar  in  blood  of  diabetics,  4d9 

Hofmann,  Franz,  absorption  of  pro- 
teid,  78 

, creatin  in  muscle,  152 

, uric  acid,  332 

, origin  of  tissue-fat  from  food- 

fat,  402 

, formation  of  fat  from  proteid  in 

fly-maggots,  410 

Hofmeister,  Fr.,  absence  of  aromatic 
compounds  in  gelatin-yielding  sub- 
stances, 63 

, action  of  pancreatic  juice  on 

gelatin-yielding  substances,  195 

• , fate  of  peptone,  227-233 

, leevulose  in  diabetes,  425 

Höne,  J.,  bile-acids  in  urine,  374m. 
Hoppe-Seyler,  on  lecithin,  86 

, universal  pancreatic  action,  178 

, decomposition  of  formate  of 

lime  by  action  of  bacteria,  183 

, on  anaerobic  fermentation,  185 

, hydration  in  fermentative  de- 
composition, 186 

, action  of  artificial  gastric  juice, 

188 

, decomposition  of  cellulose  by 

bacteria,  192 

, intestinal  juice,  206 

, bile,  210,  212 

, quantitative  analysis  of  the 

blood,  243 

, haemoglobin,  250,  256 

, lymph  and  serous  transudations, 

252 

, oxyhaomoglobin,  257 

, oxygen  in  saliva,  265 

■ , oxidation  of  hydrocarbons,  270 

, conversion  of  benzol  into  phenol, 

271  ; 

, hydrogen  liberated  in  the  body, 

273 

, haemoglobin  not  an  oxygen- 

carrier,  275 

, struggle  of  proteid  with  C02  for 

sodium,  287 

, state  of  blood  after  burns,  302 


Hoppe-Seyler,  origin  of  urea,  323 

■ , artificial  production  of  urobilin, 

358 

Horbaczewski,  on  digestion  of  elastin, 
67 

, synthesis  of  creatin,  329 

, constitution  of  uric  acid,  334 

Hueppe,  formation  of  lactic  and 
butyric  acids  by  means  of  unor- 
ganized ferments,  170 
Hüfner,  G.,  isolation  of  ferments,  187 

, effect  of  heat  on  pancreatic 

ferment,  189 

, isolation  of  pancreatic  ferment, 

190 

, haemoglobin,  250 

, oxy haemoglobin,  257 

Hundeshagen,  on  lecithin,  86 
Hunter,  John,  post-mortem  digestion 
of  stomach,  173 

Hydracrylic  acid  (ethylene  lactic 
acid),  345n. 

Hydration,  invariable  accompaniment 
of  fermentative  decomposition,  185- 
186 

Hydra  viridis,  its  animal  and  vege- 
table nature,  45 
Hydrocarbons,  270,  277,  280 
Hydrochinon  (oxybenzol),  280 
Hydrochloric  acid,  avidity  of,  162 

in  gastric  juice,  155 

, its  antiseptic  action,  156-160 

, how  formed,  160-164 

r,  not  liberated  in  all  the  gastric 

glands,  166-167 

, as  a remedy  in  chlorosis,  104 

, as  a remedy  in  dyspepsia,  171 

Hydrogen,  circulation  of,  15 

, heat-equivalent  of,  69 

as  a reducing  substance,  270- 

273 

in  fermentative  processes,  272 

in  alimentary  canal,  305,  306, 

308-309 

Hydrogen,  sulphuretted,  61,  307-308 
Hypochondriasis,  oxalic  acid  in  urine 
of,  369 

Hypoxanthin  (sarcin),  89,  347-348 


I 

Indigo,  359-360 

, how  eliminated  from  the  blood, 

351 

Indol,  63,  359-360 
Indoxyl,  278,  359-360 
Influence  of  mass,  162-163,  258 
Inorganic  food-stuffs,  106-135 
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Inosit  in  diabetes,  421,  434 n. 

Insects,  oxidation  in,  264 
Insects,  sodium  in,  133 
Internal  sense,  not  a form  of  motion, 
2 

activity  recognized  by,  7 

, advantage  of,  11 

Intestinal  contents,  205 

, urobilin  in,  358 

, indol  in,  359 

, processes  of  reduction  in,  395 

Intestinal  oases,  304-309 

, their  co-efficients  of  absorption, 

307 

, their  composition,  308-309 

Intestinal  juice,  202 

, its  functions,  203-205 

Intestinal  obstruction,  urine  in,  360 
Intestinal  parasites,  whether  oxygen 
is  necessary  to,  395-397 
Intestine,  epithelial  cells  of,  3-5 

, processes  of  digestion  in  the, 

178,  190-198,  202-217 

, the  paths  by  which  food  leaves 

the,  218-233 

, fermentations  in  the,  304-306 

Intravascular  clotting,  236,  240 
Intussusception  caused  by  absence 
of  cellulose  in  diet,  82 
Inulin  in  diabetes,  421,  426 
Invertebrates,  sodium  in,  133 
Invertin,  182 
Iodine,  circulation  of,  27 
Iron,  circulation  of,  23 

in  haemoglobin,  24,  58,  92 

in  liver,  382 

in  milk,  102,  108 

in  urine  and  faeces,  97 

in  yolk  of  egg,  100 

concerned  in  formation  of  chlo- 
rophyll, 24-25 

.,  compounds  of,  92-105 

, amount  in  blood,  92 

as  a remedy  in  chlorosis,  93, 103 

, absorption  of  inorganic  prepa- 
rations of,  95 

, absorption  after  injection  of 

salts  of,  98 

, action  of  inorganic  compounds 

on  alkaline  sulphides  in  intestine, 
103-104 

, comparative  amount  in  ash  of 

milk  and  sucking  animals,  108-109 

, proportion  at  birth  and  during 

growth,  109-110 

Ikon,  oxide  of,  as  oxygen-carrier,  23- 
24,  276 

, , colloid  modification,  51 

, , crystalline  form,  53 


J 

Jacobsen,  bile-acids,  210 
Jaffe,  glycuronic  acid,  282 
Jaffe,  elimination  of  nitrogen  as  uric 
acid  in  bird’s  urine,  341 

, urobilin,  358 

■ , indoxyl  in  urine,  360 

, origin  of  cystin,  363 

, haematoidin,  376 

Jaksch,  E.  von,  peptonuria,  233 

, alkalinity  of  urine,  357 

, acetonnria,  423 

Jaquet,  A.,  on  sulphur  and  iron  in 
haemoglobin,  59 

, on  haemoglobin,  102 

, sulphur  in  haemoglobin,  257 

Jaundice,  369,  378-382 
Joice.  See  Gastric  juice,  Intestinal 
juice 

K 

Kaiser,  results  of  removing  stomach 
in  dogs,  167 
Kant,  on  vital  force,  1 
Käst,  E.,  conjugated  sulphuric  acids 
in  the  urine,  361 

Keller,  H.,  on  human  metabolism,  142 
Kellner,  O.,  effect  of  muscular  work 
on  output  of  nitrogen,  390 
Kemmerich,  potassium  salts  in  extract 
of  meat,  149 

, formation  of  fat  from  proteid, 

412 

Keratin,  66 

Kidneys,  functions  of  the,  310, 349-353 

, overworked  by  excessive  salt 

diet,  131 

, synthesis  of  hippuric  acid  in  the, 

314-317 

, urea  in  the,  324—325 

, extirpation  of,  in  birds  and 

snakes,  342 

in  diabetes,  419 

Kinetic  energy,  30 

converted  into  heat,  30-31 

of  sunlight,  34-35 

, organic  acids  and  gelatin-yield- 
ing substances  as  sources  of,  48 
Kjeldahl,  diastatic  ferments,  18S 
Klemensiewicz,  secretion  of  hydro- 
chloric acid  by  certain  of  the  gas- 
tric glands,  166-167 
Klikowicz,  influence  of  alcohol  on 
digestion,  143 

Klug,  F.,  cutaneous  respiration,  298- 
Knieriem,  W.  von,  keratin,  66 
, digestion  of  woody  fibre,  81 
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Knierikm,  W.  von,  amido-acids,  319 

, elimination  of  nitrogen  as  uric 

acid  in  bird’s  mine,  341 
Robert,  absorption  of  manganese  salts, 
96 

, action  of  theobromine,  147 

, action  of  creatin,  152 

Koch,  R.,  effect  of  heat  on  spores  of 
certain  bacteria,  189 
Kochs,  W.,  synthesis  of  hippuric  acid 
in  animal  body,  315 
Köhler,  A.,  transfusion  of  blood,  240 
Kolbe,  taurin,  209 

, constitution  of  uric  acid,  334 

König,  on  chemistry  of  food,  73 
Kossel,  on  nucleins,  89 n. 

, glycuronic  acid,  282 

, xanthin-bodies,  347,  348 

, effect  of  poisoning  with  arsenic 

and  antimony,  409 

Krasilnikow,  non-diffusibility  of  cer- 
tain ferments,  187 

Kretschy,  F.,  influence  of  alcohol  on 
digestion,  143 

Krüger,  A.,  sulphur  in  proteid,  200, 
363 

Krukenberg,  digestion  of  lower  ani- 
mals, 178 

Kufferath,  bile-acids,  where  formed, 
374 

Kühne,  W.,  isolation  of  ferments,  187 

, peptonizing  action  of  pancreatic 

juice,  195 

, albumoses,  195ti. 

, amido-acids,  196 

, origin  of  indigo  in  the  body, 

359 

, haemoglobin  in  muscle,  397 

Külz,  glycuronic  acid,  282 

, diabetic  urine,  345,  423 

, cystin,  363 

, sulphocyanic  acid,  367 

, sugar  in  normal  urine,  368 

, glycogen,  382,  385 

, glycogen  in  muscular  work,  391 

, diabetes  mellitus,  417 

Kunkel,  development  of  heat  in  de- 
composition of  grape-sngar,  182 

, nitrogen  and  sulphur  in  bile, 

214 

, intestinal  gases,  305 

, sulphur  compounds  in  the  urine, 

362 

Kutscheroff,  cholalic  acid,  209 
L 

Lacteals,  4,  218 

Lactic  acid  in  gastric  juice,  171w. 


Lactic  acid  in  urine,  344-346, 367-368 

in  muscle,  397-398 

, whether  a normal  product  of 

sugar,  422,  423 

Lactic  acids,  varieties  of,  345m. 

Lactic  fermentation,  170,  186 
Ladenburg,  A.,  on  compounds  of  sili- 
con, 26 

, Handwörterbuch  der  Chemie, 

Drechsel’s  article  on  proteids  in,  52 
L/EVO- ROTATORY  sugar  in  diabetes, 

425-427 

LjEVUlose  in  diabetes,  421,  425-426 
Lampyris  splendidula,  oxidation  in, 
264 

Länderer,  A.,  transfusion  of  blood, 
240 

Landwehr,  on  mucin,  211 
Langhans,  haematoidin,  376 
Lankester,  Ray,  on  haemoglobin  in  in- 
vertebrata,  93 

, haemoglobin  in  muscle,  397 

Laplace,  on  the  source  of  animal  heat, 
35-36 

Laschkewitz,  varnishing  of  skin,  301 
Lateritious  sediment,  333 
Latschenberger,  whether  proteid  is 
absorbed  as  such,  224 
Latschinoff,  cholalic  acid,  209 
Lavoisier  on  the  source  of  animal 
heat,  35-36 

Lea,  Sheridan,  ferment  causing  alka- 
linity of  urine,  3 57 n. 

Leared,  sulphocyanic  acid,  367 
Lebedeff,  whether  free  fatty  acids  are 
assimilated,  408 

Lebensbaum,  on  splitting  up  of  haemo- 
globin, 59 
Lecithin,  86-89,  91 

, phosphoric  acid  in,  22 

in  bile,  211 

, amount  in  red  blood-corpuscles, 

250 

Leeds,  oxidation  of  benzol,  270«,. 
Leguminos/e,  value  as  food,  80 
Lehmann,  formation  of  albumen  from 
gelatin  and  tyrosin,  65 

, action  of  intestinal  juice  on 

food,  203 

, uric  acid  calculi,  356 

Lepine,  R.,  sulphur  compounds  in  tho 
urine,  362 

Lesnik,  glycuronic  acid,  282 
Leube,  W.,  perspiration,  303 

, alkalinity  of  urine,  357 

Leuch/emia,  elimination  of  uric  acid 
in,  340 

Leucin  (amido-caproio  acid),  61,  196 
319-321 
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Leucin-cones,  196 
Leucocytes,  action  of,  5j 

, their  röle  in  excretion  of  iron, 

97 

, peptone  in,  230-232 

, their  relation  to  coagulation, 

237-239 

, in  uncoagulated  horses’  blood, 

239 

, debris  of,  240 

Leydig,  intestinal  respiration  in  fishes, 
304 

Lieberkühn’s  glands,  secretion  of, 
202,  206-207 

Liebermeister,  influence  of  mental 
work  on  metabolism,  43m. 

, on  therapeutic  statistics,  93m. 

Liebig,  agricultural  chemistry,  14w. 

, classification  of  food-stuffs,  71 

, condition  of  oxygen  in  the  blood, 

256 

, urea  in  meat-juice,  328 

, constitution  of  uric  acid,  334 

, allantoin,  336 

, proteids  the  source  of  muscular 

energy,  388 

Liebreich,  on  neurin,  87 
Life,  mystery  of,  7 
Light,  source  of  motion,  32 

, proportion  of  oxygen  liberated 

by  plants  exposed  to,  33-34 
Lime,  formate  of,  its  decomposition, 
183-184 

Lime,  salts  of,  111-112 

in  extract  of  meat,  149 

Limestone,  18,  133 

Lindberger,  V.,  antiseptic  properties 
of  bile,  217 
Liver,  iron  in,  110 

, bile  produced  by,  207 

, regulation  of  sugar  in  blood  by, 

220 

, synthetic  processes  in  the,  314 

, urea  in  the,  326 

, effects  of  its  extirpation  on  the 

formation  of  uric  acid,  343 

, metabolism  in  the,  371-387 

, functions  of  the,  371-375,  382 

, glycogen  in  the,  383-387 

in  diabetes,  430 

Liver,  diseases  of  the,  lactic  acid 
present  in  urine,  345,  345m.,  367-368 
“ Living  principle,”  hindering  self- 
digestion of  stomach,  173 
Livon,  0.,  alkalinity  of  urine,  357 
Löbisch,  W.,  cystin,  365 
Loew,  silver-compounds  of  egg-albu- 
men, 60 

, properties  of  ferments,  187 


Loiirer,  antecedents  of  urea,  321 
Low  it,  M.,  coagulation  of  tiio  blood, 
240 

Lubavin,  nuclein  in  milk,  90m. 

Luca,  de,  analyses  of  fluid  secreted  by 
molluscs,  159 

Luchsinger,  B.,  glycogen,  384 

, fate  of  glycerin  in  the  body,  406 

Ludwig,  C.,  salivary  glands,  153 

, functions  of  stomach,  167-169 

, the  paths  of  absorption,  218 

, proteid  metabolism,  225 

, gases  in  blood  from  muscle,  391 

Lungs,  elimination  of  C02  by  the, 
289-291 

, extent  of  surface,  292 

, amount  of  CO,  given  off  by  the, 

299 

Lunin,  N.,  on  the  value  of  inorganic 
salts  in  nutrition,  116 
Lutein,  in  serum,  250 
Lymph,  nutrition  of  mammary  glands 
derived  from,  107 

, coagulation  of,  235,  237 

, composition  of,  252 

Lymph-cells,  peptone  in,  230-232 


M 

Mach,  W.  von,  uric  acid,  where 
formed,  341 

Maggots,  fat  formed  from  proteid  in, 
410 

Magnesia-compounds  of  globulin,  54, 
56-58 

Magnesium,  circulation  of,  23 
Magnus,  combustion  of  oxygen,  261 
Maixner,  C.,  peptonuria,  233 
Malpighian  bodies,  351-352 
Maltose,  heat-equivalents  of,  70 
, 161,  191 

Maly,  R.,  absorption  of  caffeine,  146 

, analysis  of  fluid  secreted  by 

Dolium  galea,  160 

, displacement  of  strong  by  weak 

acids,  163 

, absorption  of  heat  in  decomposi- 
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, in  red  blood-corpuscles,  250 

Nucleoalbumen,  iron  in  yolk  of  egg 
as  a,  101 

Nuclkoalbumens,  90 
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lungs,  290 

Nutrition,  notion  of  cells  in,  3-6 

, potential  energy  of,  34,  41,  261- 

262 

Nutrition  ( see  Food),  47 

O 

Obesity,  414-416 

Oertmann,  oxidation  in  the  tissues,  266 
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, alumina  in,  28 
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Pumpkin-seeds,  crystalloids  of,  56 
Putrefaction,  156-159 

in  absence  of  bile,  215,  217 

Pyelitis,  233 

Pylorus,  alkaline  secretion  of,  166 

, carcinoma  of,  171w. 

Pyrocatechin  (dioxybenzol),  its  be- 
haviour in  the  body,  276-277,  280 
Pyrogallol,  oxidation  of,  268,  270 

, its  behaviour  in  the  body,  276, 

277 

Q 

Quevenne,  lymph,  etc.,  252 
Quincke,  absorption  of  iron  after  its 
injection,  98 


Quincke,  intestinal  juice,  202 

, bile-pigment  in  the  blood,  377 

, hasmatogenous  jaundice,  378 

Quinine,  its  action  on  cells,  317 

■,  its  effect  on  formation  of  uric 

acid,  341 

Quotient,  respiratory,  294-297 


R 

Radenowitsch,  oxidation  of  benzalde- 
hyde,  270 

Radziszewskt,  S.,  phosphoresence  in 
animals,  264,  273 

, amido-acids,  319 

, origin  of  indigo  in  the  body,  359 

Ranke,  H.,  on  diet,  80 

■,  proportion  of  uric  acid  to  urea 

in  leuclisemia,  340 

Rauschenbach,  Fr.,  coagulation  of  the 
blood,  238 

Reaction,  acid,  of  gastric  juice,  155 
in  upper  portion  of  small  intes- 
tine, 205,  217 

Reaction,  alkaline,  of  gastric  mucous 
membrane,  160 

of  pyloric  secretion,  166 

of  gastric  juice  under  pathologi- 
cal conditions,  170 

of  intestinal  secretions,  178 

Reaction,  Millon’s,  63«,. 

Reactions  of  intestinal  contents,  205- 
206 

Rechenberg,  on  heat-equivalents,  69 
Recklinghausen,  bile-pigment  in  the 
blood,  377 

Reduced  haemoglobin,  24 
Reducing  substances,  262-263 

in  the  blood  of  asphyxiated 

animals,  267 

in  the  tissues,  271-273 

Reduction,  processes  of,  in  the  intes- 
tinal contents,  396 

, vegetable  life  a process  of,  43- 

44 

Regnault,  on  respiration,  296 
Reiset,  J.,  elimination  of  nitrogen,  254 

, respiration,  296 

Renal  disease,  after  injection  of  iron 
salts,  99 

, rice  as  diet  in,  132 

Renal  secretion,  349 
Renal  tubules,  349-351 
Rennet  ferment,  155n,. 

Respiration,  internal  and  external, 
255 

, behaviour  of  oxygen  in,  256- 

283 
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Respiration,  behaviour  of  carbonic 
acid  in,  284-297 

, cutaneous,  297-303 

, effect  of  partial  pressure  of 

oxygen  on,  259-261 

, effect  of  high  tension  of  CO„  on, 

294 

Respiratory  disturbances,  elimina- 
tion of  uric  acid  in,  339 
Respiratory  exchanges  in  muscular 
work,  389-391 

, effects  of  phosphorus-poisoning 

on,  408-409 

Respiratory  quotient,  294-297 
Retina,  image  on,  6 
Rheumatism,  action  of  skin  in,  301- 
302 

Rbizopods,  method  of  taking  up  food, 
3 

Rice,  potassium  salts  in,  127,  131- 
132 

Rickets,  112 

Rieder,  on  elimination  of  nitrogen 
after  non-nitrogenons  food,  77 
Riess,  L.,  influence  of  alcohol  on  meta- 
bolism, 142 

, elimination  of  uric  acid  after 

venesections,  339 

, lactic  acid  in  urine,  345 

Rietsch,  on  comma  bacillus,  169-170 
Ritthausen,  ou  crystalline  proteid,  57 
Robin,  hsematoidin,  376 
Rock-crystal,  silicic  acid  as,  53 
RÖhmann,  F.,  on  absence  of  chlorides 
from  urine,  108«. 

, on  bile,  215 

Röhrig,  A.,  the  paths  of  absorption, 
218 

Rosenfeld,  G.,  origin  of  aceton  in 
diabetes,  423 

Rossbach,  M.,  origin  of  aceton,  etc., 
in  diabetes,  423 

Rubner,  on  heat-eqnivalents,  69 

, absorption  of  proteid,  77 

, butyric  fermentation,  305 

, differences  between  warm  and 

cold  blooded  animals,  396n. 

, formation  of  fat  from  carbohy- 
drates, 414 
Ruby,  alumina  as,  53 

S 

Sacharjin,  sodium  in  blood,  244 
Sachs,  on  silicic  acid  in  plants,  26 
Sachsendahl,  coagnlation  of  the 
blood,  238 

Saikowsky,  effect  of  poisoning  with 
arsenic  and  antimony,  409 


Saliva,  the,  153-154 

, oxygen  in,  265 

, snlphocyanates  in,  367 

Salivary  glands,  153-154 

of  molluscs  and  of  octopus,  158- 

160,  164 

, sulphocyanic  acid  formed  in 

367 

Salkowski,  E.,  effect  of  heat  on  certain 
ferments,  .189 

, on  taurin,  214 

■ , oxidation  of  food-stuffs,  268 

• , ethylsulphuric  acid,  278 

, hippuric  acid,  312 

, amido  acids,  319 

, origin  of  urea,  323 

, uric  acid,  334 

, allantoin,  where  found,  337 

, indol,  359 

■,  sulphur  compounds  in  the  urine, 

362 

, fate  of  taurin  in  the  body,  366 

, hsematoidin,  376 

Salmon,  metabolism  of,  91 
, increase  of  globulin  in  propor- 
tion to  growth  of  ovary  in,  251 
Salomon,  synthesis  of  hippuric  acid, 
318 

Salt,  common,  118-135 

, its  importance  in  the  organism, 

121 

Saltpetre,  formation  of,  272-273 
Salts,  inorganic,  106-135 

, amount  required  by  infant,  106 

, comparative  amount  in  ash  of 

milk  and  of  sucking  animals,  107- 
110 

, amount  in  articles  of  diet, 

111 

, amount  required  by  adults,  113- 

118 

Salts,  metallic,  163 
Salts  of  iron.  See  Iron 

of  lime,  111-112 

of  manganese,  96,  98 

of  potassium.  See  Potassium 

Salvioli,  G.,  fate  of  peptone,  229 

, proteids  in  blood  of  starving 

animals,  251 

, proteids  in  blood,  etc.,  253 

Samson-Himmelstjerna,  E.  von,  co- 
agulation of  the  blood,  238 
Samson-Himmelstjerna,  J.  von,  coa- 
gulation of  the  blood,  238 
Sandstone,  silicic  acid  as,  17 
Sarcin  (hypoxanthin),  347-348 
Sarcolactic  acid,  345-346«.,  397 

in  diabetes,  437 

Sarcosin  (methylglycocoll),  329 
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Schaffer,  conjugated  sulphuric  acids 
in  urine,  279 

Scharling,  interchange  of  gases  in 
muscular  work,  391 
Scherer,  composition  of  lymph,  etc., 
252 

Scheube,  B.,  uric  acid,  333 
Schiff,  glycogen  in  hibernating  mam- 
mals, 385 

Sen  losing,  formation  of  saltpetre,  273 
Schmidt,  A.,  isolation  of  ferments,  187 

, effect  of  heat  on  pepsin,  189 

, coagulation  of  the  blood,  238 

, gas-pump,  254. 

, seat  of  oxidation  in  body,  262 

, C02  in  the  blood,  289 

, on  rennet  ferment,  155 

Schmidt,  Aug.,  on  excretion  of  alcohol, 

138 

Schmidt,  C.,  amount  of  iron  in  blood, 
92 

, absorption  of  iron,  97 

, saliva,  153 

, the  hydrochloric  acid  in  gastric 

juice,  155 

, amount  of  HC1  in  gastric  juice 

of  dog,  157 

, analysis  of  ash  of  pancreatic 

juice,  194 

, biliary  fistulse,  207 

, sodium  in  blood,  244 

, starvation,  251 

, composition  of  lymph,  etc.,  252 

Schmidt-Mülheim,  albumoses,  etc-., 
196 

, acidity  of  intestinal  contents, 

207«. 

, the  paths  of  absorption,  218, 

223 

, conversion  of  proteid  into  pep- 
tones, 226 

Schmiedeberg,  0.,  on  crystalline  com- 
pounds of  proteid,  54 

, on  amanitin  and  muscarin,  87 

, on  paralyzing  action  of  alcohol, 

139 

, oxidation  of  food-stuffs,  268 

• , glycuronic  acid,  281 

, synthesis  of  hippuric  acid  in 

animal  body,  313 

, thiosulplmric  acid  in  urine,  367 

Schneider,  R.,  on  absorption  of 
caffeine,  146 

Schöffer,  A.,  isolation  of  ferments, 
187 

, amount  of  carbonic  acid  in  the 

blood,  284 

Schönbein,  on  formation  of  nitrite  of 
ammonia  by  evaporation,  20 


Schönbein,  ozone,  268 
Schotten,  behaviour  of  amido-acids  in 
the  body,  279 

Schoumoff,  on  action  of  alcohol,  143, 
Schröder,  W.  von,  uric  acid  in  birds, 
341,  347 

, urea  where  formed,  324 

, influence  of  nervous  system  on 

renal  secretion,  352 
Schultze,  M.,  on  Lampyris  splendi- 
dula,  264 

, effect  of  heat  on  blood-cor- 
puscles, 302 

Schultzen,  O.,  benzol,  271 
, behaviour  of  aromatic  com- 
pounds in  animal  body,  280 

■ , amido  acids  precursors  of  urea, 

320 

, the  urine  in  leuchmmia,  340 

, lactic  acid  in  urine,  345 

, oxalic  acid  in  urine,  36S 

, metabolic  processes  in  diabetes, 

421 

Schulze,  B.,  formation  of  fat  from 
carbohydrates,  412 
Schulze,  E.,  digestion  of  starch,  190 

, decomposition  of  proteids,  319 

Schunck,  E.,  oxaluric  acid  in  human 
urine,  338 

Schütz,  E.,  influence  of  alcohol  on 
digestion,  143 

Schützenberger,  decomposition  of 
proteids,  319 

Schutzkwer,  on  absorption  of  caffeine, 
146 

Schwann,  biliary  fistulse,  207 

, functions  of  bile,  215 

Schwarzer,  digestion  of  starch,  190 
Schwendener,  on  symbiosis  in  thallus 
of  herpes,  45«.. 

Scrofula,  oxalic  acid  in  urine  of,  369 
Sczelkow,  oxygen  in  blood  of  herbi- 
vora,  256 

— — -,  amount  of  carbonic  acid  in  the 
blood,  284 

, gases  in  blood  from  muscle,  391 

Secretion,  processes  of,  how  ex- 
plicable, 5 

of  milk,  107,  10S 

, digestive,  importance  of  salt  in, 

121 

, renal,  349 

Secretions,  digestive.  See  Saliva, 
Gastric  juice,  Pancreatic  juice, 
Intestinal  juice,  Bile 
Sediment,  uric  acid,  331,  333 
Seegen,  J.,  diabetes  mellitus,  417 
Self-digestion  of  stomach,  172-175 
Summer,  G.,  granule  masses,  239 
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Senatob,  varnishing  of  skin,  301 
, poisoning  by  sulphuretted  hydro- 
gen, 307 

, elimination  of  uric  acid  in  re- 
spiratory disturbances,  339 
Sensation,  form  of  motion,  2 

, cause  of,  38,  41 

Sense,  internal,  not  a form  of  motion, 
2 

, , activity  reoognized  by,  7 

, , advantage  of,  11 

Senses,  energy  of  the,  12 

, action  of  food  on,  136 

, stimulation  of,  its  relation  to 

sensations,  41—42 
Sebum  of  blood,  234 

, coagulation  brought  about  by, 

240 

, composition  of,  243-246,  249, 

250 

■ , methods  of  separating  red  cor- 

puscles from,  241-242 

, proportion  of  corpuscles  to, 

242-245 

, composition  of  ash  of,  286 

Sebum-albumen,  52 
Sebum-globulin,  52 
Setschenow,  C02  in  the  blood,  289 
Siebeb,  N.,  on  strength  of  HC1  re- 
quired to  prevent  putrefaction, 
156 

• , haemoglobin,  250 

, oxidation  of  food-stuffs,  268 

, oxidation  of  benzol,  270 

, oxidation  in  diabetes,  421 

Silicic  acid,  circulation  of,  25-27 

1,  its  struggle  with  carbonic  acid, 

17-18,  132 

, its  importance  in  development 

of  hairs  and  feathers,  26 

, colloid  form,  51 

, crystalline  modification  as  rock- 

crystal,  53 

Silicon  ( see  Silicic  acid),  25-27 
Silvee-compounds  of  egg-albumen,  60 
Simanowski,  on  action  of  alcohol,  143 
Simon,  Th.,  lactic  acid  in  urine  of 
trichinosis,  368 
Sinapin,  87 

Skin,  respiration  by  the,  297-303 

, amount  of  C02  given  out  by, 

298 

Slevogt,  F.,  coagulation  of  the  blood, 
238 

Smith,  Ed.,  respiratory  exchanges  in 
muscular  work,  391 
Soaps,  their  röle  in  digestion,  193- 
194 

in  bile,  211 


Soaps  in  chyle,  after  diet  of  free  fatty 
acids,  405 

Sodium,  circulation  of,  23 

, loss  of,  after  vegetable  food,  120, 

121 

, its  decrease  during  growth  of 

organism,  134 

, amount  in  food,  127-130 

, its  distribution  on  the  globe,  132- 

133 

combined  with  carbonic  acid  in 

the  blood,  285-289 

in  blood,  244-249 

in  cartilage,  107,  134 

Sodium  caebonate  in  blood,  160,  164, 
288 

Sodium  chlobide,  formation  of  hydro- 
chloric acid  from,  160-164 
Sodium-compound  of  globulin,  55 
Soluble  staech,  191 
Solutions,  apparent.  See  Colloids 
Soeet,  ozone,  268 

Soxhlet,  F.,  formation  of  fat  from 
carbohydrates,  412 
Space,  its  relation  to  consciousness,  2 

, ideas  of,  how  caused,  2 n. 

Spallanzani,  antiseptic  action  of  gas- 
tric juice,  158 

, cutaneous  respiration,  297 

Specific  geavity  of  blood,  247-249 
Speck,  C.,  influence  of  mental  work 
on  metabolism,  43n. 

, interchange  of  gases  in  muscular 

work,  391 

Speculae  ieon  oee,  oxide  of  iron  as, 
53 

Speematozoon,  hereditary  transmis- 
sion through,  10 

Spieo,  P.,  nitrogen  and  sulphur  in 
bile,  214 

, lactic  acid  in  tetanized  muscle, 

397 

Spleen,  uric  acid  in  the,  340 
Splenic  fevee,  bacteria  of,  169,  189 
Städelee,  bile-pigments,  210 
Stadelmann,  amount  of  colouring 
matter  in  bile,  211 

, diabetic  urine,  345,  423 

, jaundice  due  to  obstruction,  381 

Stadthagen,  cystin  in  the  body,  363, 
365 

, xanthin-bodies,  348 

Staech,  action  of  saliva  on,  153-154 

, decomposition  of,  182-183 

• , digestion  of,  190-191 

, heat-equivalent  of,  70 

Staevation,  globulins  of  blood  in- 
creased in,  251-252 
Steaeic  acid,  heat-equivalent  of,  69 
2 H 
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Stearic  Acid,  in  lecithins,  86| 

, in  fats,  192 

, combustion  of,  295 

Steinberg,  on  lenchsemia,  340 
Steinbuch,  physiology  of  the  senses, 

2 n. 

Steiner,  J.,  emulsifying  action  of 
alkalies,  193 

Stern,  H.,  extirpation  of  liver  in  birds, 
343 

, bile-pigment,  where  formed,  374 

Stimulants,  136 

Stimulation  of  senses,  relation  to 
sensations,  41-42 
Stohmann,  on  heat-equivalents,  69 

, digestion  of  cellulose,  192 

Stolnikow,  extirpation  of  liver  in 
mammals,  343 

Stomach,  peristaltic  action  of,  157-158 

, functions  of,  167-169,  176 

, removal  of,  in  dogs,  167 

, self-digestion  of,  172-175 

, decomposition  of  fats  in,  193a. 

Stone  in  bladder  of  sheep,  caused 
by  silicic  acid,  26 

Storch,  O.,  output  of  nitrogen  in  phos- 
phorus-poisoning, 409a. 

Strassburg,  partial  pressure  of  C02  in 
the  blood,  285 

Strecker,  A.,  on  lecithin,  86 

, production  of  neurin  from  bile 

(cholin),  87 

, bile-acids,  208 

, synthesis  of  creatin,  329 

, decomposition  of  uric  acid,  334 

, constitution  of  uric  acid,  334 

Stroganow,  blood  of  asphyxiated 
persons,  259 

Strohmer,  formation  of  fat  from  car- 
bohydrates, 413 
Stromata,  242 

Strümpell,  Ad.,  on  absorption  of  pro- 
teid,  78 

, thiosulphuric  acid  in  urine  of 

typhus,  367 

Subbotin,  V.,  excretion  of  alcohol,  138 

, formation  of  fat  from  proteid, 

412 

Substituted  cystein,  363-364 
Substituted  guanidin,  329,  348 
Substituted  ureas,  366 
Succinic  acid,  heat-equivalent  of,  70 
Sugar,  conversion  of  starch  into,  190- 
191 

, absorption  of,  219-220 

, in  normal  urine,  367-368 

, in  diabetes,  418,  425 

--  — and  its  products  of  decomposi- 
tion, heat-equivalents  of,  399 


Sulphates  of  the  alkalies  and  alka- 
line earths,  24 

Sulphides,  alkaline,  action  of  iron  on, 
103-104 

SlILPHINDIGOTATE  OF  POTASSIUM  as 

oxygen-carrier,  274 
Sulphocyanic  acid  in  the  urine,  367 
Sulphur,  circulation  of,  21-22 

, as  oxygen-carrier,  23 

in  bile,  208-210,  214 

in  haemoglobin,  24,  58-59,  257 

in  keratin,  66 

in  proteids,  55-60, 115,  200,  362— 

363 

Sulphur  compounds  in  the  urine, 
362-367 

Sulphuretted  hydrogen,  product  of 
decomposition  of  proteids,  61 

in  intestinal  gases,  307-308 

Sulphuric  acid,  avidity  of,  162 
, product  of  decomposition  of  pro- 
teids, 61 

, its  action  in  absence  of  basic 

salts  from  food,  115-117 

in  fluid  secreted  by  molluscs,  159- 

160 

Sulphuric  acids,  conjugated,  277-279 

in  the  urine,  359-362 

. See  Indigo 

Sulphurous  acid,  oxidation  of,  274 
Syntheses  in  the  animal  body,  312- 
318,  401-402 

Synthesis  of  fatty  acids  with  glycerin 
in  the  body,  405,  407 
Symbionta,  45 
Syntonin,  63m. 

Szabo,  D.,  on  amount  of  HC1  in  undi- 
luted gastric  juice,  157 


T 

Tacke,  B.,  fate  of  hydrogen  and  marsh- 
gas  in  the  body,  308 
Tam  mann,  G.,  on  detection  of  fluorine, 
27m. 

Tappeiner,  on  gastric  absorption,  176 

, decomposition  of  cellulose,  192 

, cholalic  acid,  209 

, state  of  blood  after  burns,  302 

, intestinal  gases,  305 

, benzoic  acid,  312 

Tarchanoff,  bile-pigment  in  the  blood, 
380 

Tartaric  acid,  combustion  of,  297 
Tauber,  behaviour  of  phenol  in  the 
body,  279 

Taurin,  208,  209,  214 
, sulphur  in,  363 
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Taurin,  its  fate  in  the  body,  365-367 
Taurocholic  acid,  208-210 

, antiseptic  action  of,  217 

Tea,  144-146 
Teeth,  fluorine  in,  27 
Temperature,  its  effect  on  consump- 
tion of  oxygen  in  different  animals, 
395-396 

Thankoffer,  L.  von,  action  of  bile  in 
absorption  of  fat,  216 
T HEINE,  145 

Theobromine  (dimethyl  - xanthine), 
146-147 

Thierfelder,  glycuronic  acid,  282 
Thiosulphuric  acid  in  urine,  366-367 
Thiry,  intestinal  juice,  202 
Thomsen,  thermochemical  researches, 
161,  162 

Thrombosis,  origin  of,  236 
Thudichum,  bile-pigments,  210 
Tiegel,  E.,  proteids  in  snakes’  blood, 
251 

Tieghem,  van,  on  proportion  of  oxygen 
to  light,  34 

Tissues,  in  which  oxidation  takes 
place,  261-267 

, partial  pressure  of  C02  in  the, 

292-294 

, xanthin  bodies  in  the,  347-348 

, digestion  of  gelatin-yielding,  65 

, digestion  of  elastic,  66 

Tolmatscheff,  lecithin  in  milk,  89 
Toluol,  280 
Toluylic  acid,  280 
Tracheal  terminations  in  insects,  264 
Transfusion  of  blood,  240 
Transudations,  pathological,  252-253 
Traube,  M.,  seat  of  oxidation  in  the 
body,  263 

, oxidation  of  benzol,  271 

, oxygen-carriers,  274 

Trichinosis,  lactic  acid  in  urine  of, 
367-368 

Trichlorlactic  acid,  synthesis  of 
uric  acid  from,  338 
Trimethylamin,  86 
Tri metiiyl-xanthin  (caffeine),  147 
Troschel,  fluid  secreted  by  Doliurn 
galea,  158 

Tsoherivinsky,  formation  of  fat  from 
carbohydrates,  412 
Tschiriew,  proteid  metabolism,  225 

, reducing  substances  in  the  blood, 

267 

Tubercle  bacillus,  169 
Typhus,  thiosulphuric  acid  in  urine, 
367 

Tyrosin,  61,  63n.,  66,  196,  197,  319- 
320 


U 

ülcus  ventriculi,  175 
Unorganized  ferments,  185-189 
Urates,  330,  331-333 
Urea,  constitution  of,  318-319 

, its  origin,  319-324,  326-327 

, where  formed,  324-326 

, its  relation  to  creatin,  327-329 

, its  relation  to  uric  acid,  337-339, 

346 

, precursors  of,  344-346,  348 

, relation  of  its  heat-equivalent 

to  that  of  proteid,  71 

, substituted,  taurin  in  urine  as, 

366 

Uric  acid,  its  composition,  330 

, its  solubility,  330-334 

, its  products,  334,  336-338 

, its  syntheses,  335,  338 

, elimination  in  disease,  339-341 

-,  where  formed,  341-347 

, precursors  of,  344—346,  348 

, how  eliminated,  351 

Uric  acid  diathesis,  331,  333 

, treatment  of,  355-357 

Urinary  tubules,  349-351 
Urine,  secretion  of,  349 

, its  constituents,  how  eliminated, 

351 

, composition  of,  353-370 

, ammonia  in,  322-323 

, bile-pigment  in,  377-382 

■,  colouring  matters  of,  357-359 

, conjugated  sulphuric  acids  in, 

277-279,  359-362 

, creatin  in,  327-328,  330 

, hippuric  acid  in,  311-312,  335 

, oxalic  acid  in,  368-370 

, peptone  in,  227,  233 

, proteids  in,  350 

, sulphur  compounds  in,  362-367 

, urea  in,  318 

, uric  acid  in,  330-334,  340 

, xanthin  in,  348 

Urine  in  diabetes,  418,  421,  423 
Urine  of  birds,  elimination  of  nitro- 
gen in,  341 

, effect  of  extirpation  of  liver  on, 

342-347 

Urine,  pathological,  345,357,  367-370 
Urobilin  in  pathological  urine,  377, 
380-381 

Y 

Vampyrella  spirogyra,  its  selection  of 
food,  4 

VAuquEHN,  on  allantoin,  336 


468 


• INDEX. 


Vegetable  diet,  79-81 

, need  for  salt  caused  by, '119-131 

, its  effect  on  the  urine,  335,  355 

Velden,  R.  v.  d.,  sulphuric  acid  in  the 
urine,  362 

Vella,  L.,  action  of  intestinal  juice  on 
food,  203 

Vertebrata,  sodium  in,  134 

, oxidation  in  tissues  of,  263-267 

Vessel-wall,  influence  of,  on  blood, 
236 

Vierordt,  respiration,  292 
Virchow,  on  chlorosis,  104 

, cause  of  Ulcus  ventriculi,  175 

, origin  of  thrombi,  236 

, hsematoidin,  376 

Vital  force,  1,  3 

Vital  phenomena,  mechanical  expla- 
nation of,  1-13 

, psychological  explanation  of,  • 

7-8 

, forms  of  energy  and  motion  in, 

33 

Vital  process  in  plants  and  animals, 
43-44 

Vitalism,  1-3,  12-13 
Voit,  0.,  on  nutritive  value  of  gelatin, 
64-65 

, on  nitrogenous  equilibrium,  72 

, on  excretion  of  nitrogen  after 

caffeine,  146 

, behaviour  of  creatin  and  crea- 

tinin  in  the  body,  148,  151, . 328, 
330 

, on  bile,  215 

, absorption  of  proteid,  224 

■ , loss  of  weight  in  starvation, 

251 

, elimination  of  nitrogen,  254 

, on  respiration,  296 

, urea,  where  formed,  324 

, uric  acid,  332 

, sulphur  compounds  in  the  urine, 

362 

, source  of  muscular  energy,  388 

, effect  of  muscular  work  on  out- 
put of  nitrogen,  390 

, differences  between  warm  and 

cold  blooded  animals,  396«. 

, formation  of  fat  in  the  body, 

401,  403,  410 

, glycogen  in  cats,  411 

, digestion  of  fat  in  diabetes, 

420 

• , interchange  of  gases  in  diabetes, 

422 

Volhard,  J.,  synthesis  of  creatirt, 
329 

V orticellje,  chlorophyll  in,  46 


W 

Walter,  Fr.,  ammonia  in  urine,  323 

, poisoning  with  acids,  436 

Warrington,  formation  of  saltpetre, 
273 

Water,  taken  up  by  plants,  15,  33 

, not  nutritious,  47 

, its  influence  of  mass,  163 

, its  presence  essential  in  fermen- 
tative decomposition,  185-186 
Water-plants,  experiments  with,  34 
Weber’s  law,  on  stimulation,  42m 
Weiske,  on  digestion  of  woody  fibre, 
81,  192 

Wenz,  J.,  action  of  intestinal  juice  on 
food,  203 

Wertheim,  state  of  blood  after  burns, 
302 

Wiedemann,  glycuronic  acid,  281 
Wiedersheim,  intestinal  epithelium  of 
cold-blooded  animals,  4 n. 

Wilson,  G.,  fluorine  in  blood  of  mam- 
mals and  birds,  27 n. 

Wislicenus,  J.,  isomeric  lactic  acids, 
346«.. 

Wissokowitsch,  lactic  acid  in  tetanized 
muscle,  397 

Wistinghausen,  action  of  bile  in  ab- 
sorption of  fat,  216 
Wittich,  von,  properties  of  ferments, 
186 

, diffusibility  of  peptones,  195 

, carmine  and  uric  acid,  how 

eliminated  from  the  blood,  351 
Wohler,  synthesis  of  hippnric  acid, 
312 

, constitution  of  uric  acid,  334 

, allantoin,  336 

Wolfers,  influence  of  alcohol  on 
elimination  of  carbonic  acid,  143 
Wolffberg,  elimination  of  C02  by  the 
lungs,  290 

Wolkoff,  Al.  von,  proportion  of  oxy- 
gen liberated  to  light  used,  33-34 
Wolfe,  H.,  diabetic  urine,  345,  423 
Woody  fibre,  importance  of,  81-84 
Wooldridge,  L.  C.,  coagulation  of  the 
blood,  238,  240 

, stromata,  242 

, saccharin,  438 

Work,  mechanical,  30-31,  33,  35 
• , mental,  its  influence  on  meta- 

bolism, 42-43 

, muscular.  See  Muscular  energy 

Worm  Müller,  partial  pressure  of 
oxygen,  260 

, Imvulose  in  diabetes,  425 

Worms,  intestinal,  203 


INDEX.  • 


469 


W orosciiiloff,  on  absorption  of  pro- 
teid,  78 

, on  nitrogenous  equilibrium, 

80 

Wurtz,  on  synthesis  of  neurin,  86 


X 

Xanthin,  145-147,  347-348 
Xanthin  bodies,  348 
Xylol,  280 


Y 

Yeast-cells,  182 
Yeo,  G.  F.,  on  bile,  207 
Yolk  of  egg,  crystalloids  of,  53, 
62». 

, precursor  of  haemoglobin  in 

nuclein  of,  100-102 

, lime  in,  111 

Yolk-plates,  53 


Z 

Zabelin,  conversion  of  uric  acid  into 
urea  in  animal  body,  339 
Zaleski,  St.,  iron  in  livers  of  puppies 
and  dogs,  110 

, carbonic  oxide,  276 

, excretion  of  uric  acid,  351 

, iron  in  the  liver,  382 

, haemoglobin  in  muscle,  397 

Zander,  hydrochloric  acid  as  a remedy 
in  chlorosis,  104 

Zawilski,  the  paths  of  absorption,  218, 
222 

Zimherberg,  action  of  alcohol  on  the 
heart,  140 

Zinoffsky,  analysis  of  haemoglobin- 
crystals,  58 

Zuntz,  union  of  sodium  and  C02  in 
the  blood,  287. 

Zweifel,  digestive  apparatus  in  the 
foetus,  214 

, oxyhaamoglobin  in  blood  of  um- 
bilical vein,  265 


PRINTED  BY  WILLIAM  CLOWES  AND  SONS,  LIMITED,  LONDON  AND  BECCLES. 


* ■ * • 


* 


/ 


